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" COMPARATIVE STUDIES IN COSTS AND RESOURCE

REQUIREMENTS FOR UNIVERSITIES. |

This report has been prepared by Professor Keith Legg, Head of the
Department of Transport Technology, The University of Technology, Lousthorough,
England, and Consultant to CERI. : v

The paper is broadly divided into two parts. The first presents a simple
“approximate internationally data-based university overall mathematical resource
model derived from an original-analysis of a 15-University international sample
from the CERI 1968/1969 Information Survey. It provides a method of estimation-
of staff and costs at departmental (or equivalent structure) level in terms of
12 broad subject areas and these are then used to derive staff, areas, recurrent
~and some capital expenditures at the overall university level. The results of a
typical example are given. \ ' '

The second part presents a generalized conceptual/data-based methodology
for the calculation of university departmental academic, supporting and adminis-
trative staff.by broad subject area and geographical region. The methodology has
been specifically formulated to accommodate different types of student programmes
and the method is illustrated by example to a typical British University.

The paper includes relevant observations on international university
comparative data derived from the CERI survey.’ '
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— CHAPTER 1. AN APPROACH TO UNIVERSITY PLANNING

1.  The General f\ppmaeh

2. A Simple Data-Based Model for Overall University Resource
Requirements .
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3. A Conceptual Methodology for Departmerital Requirements
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Systematic evaluation of the university function has been a much-neglected
subject. Universities have become so -closely associated with the term "academic
freedom" that attempts to formalise their function have invariably been resisted on

- the basis of violation of this' ancient heritage. Such resistance can, however,

1. The General Approach ' ' .

be Justified quite easily on the grounds of the complexity of the problem involving
as 1t does the human equation of ydung people during their most intellectually
formative years. However, the need for and rapid growth of higher education
demands the application of the most sophisticated management principles to the
organization and running of universities if the present confusion is not to

'degenerate into chaos. Thus in recent years there has been a gr¢ 'th in research

activity in this area with particular emphasis on a systems approach. The
majority. of work has concentrated on descriptive model techniqués which, although
probably more acceptable to the average academic, limit the degree of comparative
analysis that can be made and tend to be of a localized nature. Formulae are
regarded with suspicion and, if not firmly controlled, can lead to complicated
detall and rigid application, Nevertheless, the analytical approach provides
considerable fIexibility, particularly for a generalized overall system, and if
used within its limitations can provide broad guidelines whilst obviating the

"principle that "whoever shouts loudest gets most!".

With these considerations in view a simple mathematical approach to

academic plaruding was developed at the University of Loughborough, and has become

accepted as a good management aid for those aspects of staff and space on which
it concentrates. Principally it serves as a guide for equitable provision across ;
the university for existing commitments and the determination of.future requirements

" conforming to University policy.

international survey of 80-universities in 1970/1971, with an objective of providing
a data basis for further analytical investigation. From the total survey, 15-
universities submitting the most comBlete returns were selected for more intensive
analysis. .The methods of data processing are detalled in reference 6.

Arising out of this earljkwork at Loughborough, CERI/OECD conducted an

Analysis of the 1l5-university sample is the basis for the simple overall
university model. This data facilitated the evaluation of relationships between
student enrolment staff and space requirements, and recurrent and capital:
expenditure. Although the final model stands independent of the data analjsis, 1ts
application depends upon knowledge of the model constants.  One source of this
knowledge 1s the survey. ,

In addition to the initial data-based model, a more conceptual model is

“ developed at the departmental level. Both the overail model and the departmental

model are based on definitions of the academic staff function related to teaching.
Though researceh:and other duties of academic staff are not explicitly included,
the selection of teaching can be Justified on the grounds that it is the‘“raison
d'@tre" of the universﬁty. In any case, the use of an average teaching load
parameter takes into account, implicitly, time devoted to these other activities.

The extended data-based methodology of the overall university model can
assist in & wide range of problems, between as well as within, universities.
Applied to individual institutions, using tueir own initial data, it would be
useful in. simple planning, forcasting and resource allocation between departments,
and at university level. Applied nationally or internationally it facilitates
comparative inter-institutional studies of the different resource elements, for
the planning of resource needs for new institutions and .growth of existing ones.

i() g ]




Specific approximate individual studies e.g. comparative approximate costs per
student in broad subject areas could be aided, at any of these levels, by
application of the methodology.

The second, more conceptual framework for determining departmental
requirements enables a more -exact assessment of absolute levels of resource
needs. Modification to make it operative as a sub-model for the overall
university model is possible. ;

2. A Simple Datq:Baééd,Model for‘0vera1l University Resource Allocation

This overall university model develops a series of relationships, expressed
algebraically, between the component elements of the university. Its essential
purpose is to aid in resource allocation within and between universities. with
this in mind values of parameters, necessary for model solutions, are provided
from the university survey.

A simple explanation of the methodology is set out in diagram I (section
numbers refer to appropriate points in the model Chapter 2). It commences at
the departmental-level where input data on student enrolment, classified into
1st degree and higher degree, is required. Each depariment is classified into
one of ten brcad subject areas. At this point academic staff requirements for
each department can be defined. Academic staff numbers determine supporting
staff requirements (technical,| administrative etc), and annual recurrent expendi-
ture at the departmental level. - o

To procede from this stage to the overall university it is necessary to
make several assumptions. The simplest set, utilized here, is that all students
and academic staff are attached: to a particular department. In a specific
context different assumptions re the relationship of departmental students and
staff and overall university numbers may be more appropriate. These can be
incorporated without undue difficulty under the present QSsumption the sum of
departmental students and academic staff equal the correqponding university
‘figures. . ,

Relationships can now be developed at the university level. Administrative,
:_ library, technical and other staff are expressed in terms of total academic staff.

" Simple algebraic substitutions enable university’ annual recurrent expenditure,

‘and 1ts components, to be expressed similarly.

~ University space requirements are categorized into various groups accdyding
to function. These are, broadly, net university building floor area, gross
university building area, recreational facilities, and car parks. The first
category is further subdivided into teaching rooms, laboratories, academic and
administrative staff offices, library and "other" areas. Each of these components
is evaluated independently, angd all are reducable to expressions in which academic
staff is the only independent factor.

University used land area is the sum of gross building area, recreational
and car park areas. In order to assess the total site requirement from this,
building density and’environmental desirability' factors are introduced.

i ‘

3

to know the cost ppr. square unit of the different types of ﬁrovisions. If growth
is envisaged, the bercentage growth rate of the student populated must,

11

" To convert EheSe capital requirements into monetary terms, it is necessary




Methodology for Determining Résource Needs

for Overall Uni?gpsity. (Chapter 2)

/

Departmental Level

T e—

Input Data Academic = Total Recurrent Expenditure
Student Nos. - lst Staff |- Academic Stati. Remuneration
and Higher Degrees —_—___—_——x Requirement 77| - Support Staff Remuneration
by Dept. ’ Sect. 2.1 - Total Recurrent Exol. =

— "~ Remuneration.
. Sect. 2.2.
! Support
& Staff o
‘ {Sect. 2.1
\
University Level
.
Sum of Depts./| {- Total University Staff
= University ~ Univ. Administrative Staff
.Academic 1. ‘- Univ. Library Staff
Staff - Univ. Support "Other" Staf
Sect. 3.1 Sect. 3.1 :
- Univ. Total Annual Recurrent
, Expenditure )

: \/ - Univ. Staff Annual Remuneration
Net Univ. Building Floor Area - Univ. Recurrent Expend. Excl.
- Teaching Rooms Remuneration
- Laboratories Sect. 3.2
- Academit Offices
- Administrative Offices :

- "Other" Area Incl. Library N

Sect. 3.3 ‘ - | . ~
Gross Univ. Building Area
(Building Density Criterion)
~ Car Parking Area : Capital Value of Buildings
~ Recreation Area Capital Value of Other Items
- Gross "Used" Univ. Land Area Annual Average Capital Expendi-
(Environment Parameters)’ tures
- Total Site of University Sect. 3.5

Seéet. 3.4 e —

DIAGRAM I
1%
4
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The crucial element in the practical application of this methodology is a
knowledge of the parameter values with the algebraic functions. Approximate
values for these parameters were obtained from 15-university sample, and from the
80-university OECD survey. These values are presented in section 4 of Chapter 2.
Due to the quantity of data & computer programme calculating these constants was
written. The results of the 15-university sample are cross-tabulated by three
regions - North America, United Kingdom and Europe, and by the ten broad subject
arcas\divisedl, ‘An overall average situation across all reglons was also
calculated as a basis for general comparison. These could be used as approxi-
mations in determining requirements of departments, by university personnel, and
of universities, by naticaul bodies. Approximations drawn from the large 80-
university survey, classified into five regions plus an overall average, are also
presented. g . ,

1

Alternatively a university or national body could collect data to develop
parameter values more closely related to their own context. The decision to
do this would rest on whether the accuracy obtained merited the additional

‘work involved. This would almost certainly require computer facilities, although

the programme available at CERI could be of assistance. It would also necessitate
that universities look closely at thelr own management data services. In this

. paper, methodo;ogy is emphasized rather than the accuracy of detail.

One further feature of the model is that, although it is built up logically
step-by-step, functions enabling the calculation of particular requirements of immedi-
ate interest, can be extracted, without necessitating a great deal of computation at

" earlier stages.

3. A Conceptual Methodology for Departmental Requirements

An alternative, more-conceptualized departmental model which analyses the .
complex functions of a department as an entity, has been developed. This provides

.a complete methodology for determining departmental\resdurce needs where® the

department is responsible for a whole range of different courses of study, where
its staff teach in other departments, and where it turn benefits from staf
external to the department. ' . .

The besis of this methodology is the generalized "programme of study"
concept, A "programme of study" is those requirements which must be satisfied in

‘order to qualify for a degree or diploma. From this concept is derived a general
‘eqiation applicable to any course of study run by a department. This might be an

und®rgraduate degree course, post-diploma research studies, short courses, etc. The
deparntments student enrolment 1s classified into three groups - fundamental, advanced
and higher. : '

From these categories it is possible to compare different programmes of
study from different educatidnal systems far more directly than with the simpler
1st degree/nigher degree classification of the overall model. Each department
can categorize its programmes of study more finely, and weightings of requirements
for different levels of students can be more exact.

u

.academics attached to both’that department“and other departments. This service~
teaching between departments 1s*explicitly'#ncorporated in the alysis by means of
distribution factors. Thus the contribution by academic staff of any particular

department to various programmes of study 1 accounted for in determing the
departmental staff needs. . T

A programme of study under the auspices of one departmen:;/yaimbe taught by

v
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Given the data on different levels of students, and the detailed.structure
of teaching of each programme of study, it is hence possible to obtain a more /
accurate assessment of the Qbsolute academic staff requirements of any particular
department. In addition a means of assessing the composition of this in terms
of part-time and full-time staff is included. : :

) Technical and other support staff (excluding administration) is postulated
as a function of departmental support area, including laboratories and other -
+working space necesthy for the adequate functionning of the department. Although
technical support staff is also related to academic staff, data from the 80-
Suniversity survey suggests that this relationship is small. The method also
enables, as a by-product, the assessment' of departmental support area requirements.
/

Departmental administrative staff is related to total departmental academic
and technical staff. Furthermore it is a reasonable assumption that the degree
of administrative servicing is related to the level of responsibility of these
other staff. Hence administrative staff are a function of departmental staff,
weighted for differing levels of responsibility. .

The framework of this m&re-conceptual depaftmental model is illustrated in
Diagram II. Section numbers are included to facilitate reference to the detalled
exposition in Chapter 3. ;

.In addition to the two models, a good deal of data interpretation is
included throughout, especially in Chapter b, As well as providing insight for
analytical investigation for the models, this information is useful in 1ts'ow?

right.

_ The application of such management aids as these models would dearly be much
~simpler with completer facilities, due to the large quantity of data and calculation
involved. In any case the compilation of such information is required for effective
running of a unlversity. Although it is an administrative task to set up the
process, i% 18 essential to involve academic staff at all levels and at all stage$S.
This is particularly important in assessing the inputs of data. :

The total methodology serves as an aid in the decision-making process, by
providing information and assessment of resource needs. : It is not a substitute
for the policy making,process itself. '

[y
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1. Introduction o

. The -methodology for the determination of university resource requirements
developed in this chapter is a set of simple data-based relationships. Analysis
of the 15-university survey data revealed certain parameter values linking
different variables (see Chapter 4, sections 2.2, 2.3 and 2.4). Tis allowed a
first approximation of how the variables relate to one another.

. In contrast to the more conceptual departmental model of Chapter- 3, this
methodology has potential utilization at the university, national and international
levels. It does not allow an absolute value assessment of requirements of
individual departments, but provides approximations for comparative purposes.
However, with some further development the methodology of the mor conceptual
departmental model could be utilized as input data, for absolute assessments of
departments, within the overall university model. This would then replace the
general departmental section 2 of the present chapter. ’

The model presented here, together with the sets of parameter values which
could be utilized in practical evaluations, could assist in the following problems-

(1) Application to individual institutions, using their own initial data,
for simple planning, forecasting and resource allocation.

(11) Comparative inter-institutional or international studies.

©(111) Approximate resource needs for new institutions and growth needs
for existing ones. S

(iv) Specific individual studies e.g. comparative approximate éosts per
. student in broad subject areas.

The complete model commences at the departmental and proceeds to the
overall university. At the forme level, each department is classified into the
10 broad subject classification areas of Chapter 4, table 2. Input data on the
number of first degree and "all higher" degree students in, a department (associated
with the l5-university questionnaire) enables the evaluation of staff weekly ,
teaching hours and academic, support and total departmental staff. This can then
be translated into annual recurrent expenditure. '

After the determination of these resources peculiar to a department, overall
university relationships are developed. Academic staff for the university is the
sum of departmental needs. Administrative, library and "other" staff (e.g. |
technicians etc.) totals are related directly to academic staff. The functions
linking annual remuneration recurrent expenditures on these items to numbers
required are outlined. To this is added recurrent non-staff expenditure,'to glive

- total annual recurrent expenditure for the university. - On the assumptions '
"utilized here, this equals the sum of departmental recyrrent expenditures and
centralized service expenditure (library, administration etc.).

Net university floor area is the sum of area requirements for teaching rooms,

" .laboratories, staff offices, both academic and administrative, library and "other".
Each of these is related in turn to academic staff, determined previously. By
contrast, gross building area is related directly to academic staff in a proportionate
way, and will always be greater than net floor area‘described above. Gross bullding
area, together with car parking and recreatiqﬁ’facilities vields total usable site.
With the introduction of site density and "environmental limiting" factors, this is
translated into total university site. _

- The total capital of a university is the monetary value assigned to its stock
of buildings and other equipment. A simple costing procedure is outlined. Annual

IToxt Provided by ERI
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average capital expenditure presumes a growth situation, based on growing ctudent
population, and its evaluation in relation to academic staff can prove a useful
~ guide for estimating expansion costs..

In order to demonstrate the usefulness of the procedure as a complete entity,
two possible sets of parameter values, based on the l5-university and 80-university
samples respectively, together with a complete example, are presented in parts 4 and
5. However the model can provide information on specific items of university»reqwire-
ments relatively directly without necessitating a full evaluation of relevant para-
meters. Hence academic staff for a department, for example, could be investigated
using only the relevant sectlons.

. At many points in the methodology, alternative evaluations of parameters are
detailed. ‘This is done to obtain the mont accurate assessment of parameters rela-
ting the variables. In general the simplest means is presented first, followed by
the more complicated.

2. Determination of Departmental Requirements

Each department is classified by broad subject field i1, as shown in table 2
of Chapter 4. Student population is subdivided into first degree and "all higher"
degree levels, as in the university questionnaire. ‘'This contrasts with the three
divisions of fundamental, advanced and higher students utilized in the more concep-
tual departmental model of Chapter 3 (section 2.1.1.).

\.

Usihg input data on student numbers, staff wpekly teaching hours, and hence
academic staff numbers, are determined. Flowing from this point are relationships
foX "other" departmental staff (technicians, administrative, ete.).

\ Let F, - total departmental students

\

R = total departmental students all first degrees

N U
’4 .
FO = total departmental students - all "higher" degrees,
, i ’ .
where 1 denotes the ith,broad subject group (1 =z 1, 2 ..... 10).
1o
Let ?Ti = (Fy + FG)1
and total student:bopulation across all departments, FT is:
. 4 1
- i , i C .
Fp.= 2 Fp .2 2 (Fy + Fgly
. Total undergraduate student population, all departments,‘
RS
Fi = 3 FUI., |
Total "higher" degree students in all departments,
, “ L
6 = 2 Te,

Definitions. These relationships\derived from the lSQuniversity sample.
Values for the ratios are given in table 4 of Chapter 4, together with the data

analysis. :
Iet A be the ratio of departmental academic staff (DA) to total departmental
staff (DT) ‘ : .
A
A = o
T .
ILet B be departmental weekly total staff teaching hours (TT.per academic
staff member (DA)‘ - Lo
B = T y
/D 1o

11




-C 1is the proportion of total departmental staff weekly teaching hours devoted to
undergraduate teaching (Th)

U

Tp

C =

D is the general departmental student academic staff ratio

i

Dull
Dy

E is the proportion of the total student population which is undertaking the first
degree

E=z U

— “

Fop

| \
Staff weakly teaching hours total is the sum of those hours apent in first degree
teaching and those sperit in "all higher" degree teaching. If thq staff weekly

teaching hours are expressed in terms of the above ratios, averaged' values can be.

substituted into the expression to give a broad guide to anticipated staff

teaching hours. \\
Staff hours weekly devoted to undergraduate teachings

v =[c.B] .F | ‘ |

Uy [E.D]i U e  (18) -
Staff hours weekly devoted ‘to higher dégfoe teaching

v =, -1 7F. = [B.(2-C)] . F ' © (1b)

O3 [Ti | Ui] Gy [D. l-E]’i G

Therefore total weekly staff teaching hours is

. - [c.B.F, +B@1a-C).F , (1c)
Ty [E.D v Dél-E; G]‘i ................... e

- i
and TT = Z TTi

2.1. Departmental Staff Requirements -

. A department's academic staff complbment is simply the total teaching hours
-per week given by academic staff divided by their average weekly teaching load.

" let D, = departmental academic staff

A,
.ThenDA :!_r_'];.
1 B
e R o+@c) LRl o (2)
= 1€ N
[E.D v E) c{li




i :
and DA= 3 DAi_

where D is the total academic staff attached to all departments in a university,
‘ecademie staff 1s in direct- proportion to total departmental staff such that:

o]
e}
(w)
H
]
.>U
=
-~
G
~—

&
Q.
*-BU
™
Sk

_ "Other" departmental staff is the difference between total departmental
staff and academic Staff

If Dy = "other" departmental staff
: i
D. =D, - D,
0y T Ai; ............................................ (&)
i
Po= 2 Do =Pp- Dy L

Given that values of A, B, C, D and E are dvailable by subject and by
region, as an example, table 1 of section 4, the departmental staff requirements are
now defined. ‘

2.2. Anmal Departmental Recurrent Expenditure

This is in effect the assigning of an annual monetary value to staff
resources and other items.

Let Vy, - total departmentalvannnal recurrent expenditure

- ‘ |
. /
\ DT' = total departmental staff
F = average annual recurrent expenditure per staff member
i.e. Fu 'T’ ;
! DT . ; ,;“v ' S

{for the derivation of the value of F, see 2.1.2. and 2.1. 3 of Chapter L).

\

\Therefore total departmental -annual recurrent expend&ture is the product of
th average expenditure per staff member and the departmental staff complement.

'v - [r.p




Ahalysis of survey data providea average values for F and A by region and
subject area (see sections 2.1.2. and 2.1. ) of Chapter 4). Hence V,, is directly

calculable from academic staff. , q&

prartmental"recurrent expenditure can be subdivided into that devoted to
remuneration of academic and support staff and that devoted to other items.

Total departmental staff annual remuneration is the product of the average
remuneration peffstaff member and the total number of staff.

Let VN = departmental total staff remuneration per annum

i
= average_anndal remuneration per staff member.
i.e 6:2}-{
VT )
" Then’
V :6.V
Ni.[ T]i
from (5), = |F.6 . Dy
A S P (6)
and V, = 5 1 v ’
N-z vNi,'

This total remuneration expenditure per annum is made up of that devoted )
to academic staff and that devoted to other support staff K

Iet VA = total departmental academic staff annual remuneration
H = average annual remuneration per academic staff -
1.e. H: A ’
Dy
Then ;
v = |H v D
A .
1 [ A:li ............................................ 7)
i
Va =z Wy

i.e. departmental academic staff annual“remuneration is the.product of the average
annual remuneration per- academic and the member of academic staff,

| 21
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Remuneration of "other" departmental support staff is treated as the
difference between total staff remuneration and Qeadfmic,staff remuneration per
. annum. :

Le* V. = total departmental "other" staff annual remuneration

O -
Then \') =V, -V
0 " Ny A
= |(EG - H) . D,
A P (8)
and V.= V. - V. = 3 v
o'W~ A2 Yo

Departmental recurrent expenditure excluding remuneration is the difference
between total annual recurrent expenditure and that devoted to staff remuneration.

Let V - total departmental annual recurrent expenditure excluding

R = remuneration
V., =V, -V ‘
R1 | T1 . N1 ,
= ;«*_(1-6).DA. ' '
A . 1 L R 0(9)

Hence from the values available for the parameters A - H, it is possible
. to evaluate departmental staff requirements and annual recurrent expenditures.
It will be noted that the values of expenditure parameters F,6 , and H are
"eost standardized" for comparative purposes. - The exchange rates and cost
indices are set out in table 46 of chapter &. ' L

*3. Overall University Resource*Reggirements

In general the resources utilized by all sectors of the university are
treated at this university level. Hence library services, for example, are not.
treated as the responsibility of any one department, but as the responsibility of
the entire university institution. However there must be & linking together of
those resources found necessary at the departmental level and those necessary for

the institution as a whole. - This requires certain assumptions to be made. In - -

- this instance the simplest are selected N 3 \

1. All academic staff are assumed to be attached to a department. That 1is,
total university academic staff (S,,) equals the sum of academic staff in
all departments (D, ). Alternativgiy, all institutes etc., are treated
as departments for the purpose of academic staff calculation.

2. All students, both first and higher degree are assumed to be attached
. to a department. - Total university student enrolment (P._) equals the
‘ sum of student numbers in all departments (F - In add?tion, total
first degree student enrolment at the univergity equals the sum for all
departments (FU). Similarly for higher degree students.

3. Let s be the overall student/staff ratio (PT/S ). The two notations,
, . ; .

-

2

1

»




departmental and university, have been kept distinct as other assumptions
are clearly possible, and may be necessary, for example, where independant
institutes contribute importantly to teaching or student supervision.

The total university notation will be employed for the remainder of the
model.

3.1. University Staff

- The previous section 2.1. provides the means of estimating university

! academic staff. It remains to evaluate. central staff requirements for
administration, library, technical and others. Each of these types of staff can
be estimated in several ways. These alternative methods are described here as, |

according to the specific context, one may permit a simpler evaluation of para-
meters than another.

Administrative staff can be expressed as a function of total university
staff, which in turn is a function of academic staff numbers.

§ 3
=4

total university administrative staff

A
"

total university staff

= total university academic staff

2
I

but, from section 2.2.2. aof Chapter h

.S , ' S
Np= 4 — , l :
i |
U s _m .
Iherefore Ny - i TR e R (10a)
T
: Alternatively, as shown in séction 2.2.2. of Chapter L, table 3k,

R administrative staff can be expressed directly as a function of academic staff.’ o
Np=my - Sp . e e e, . (10b)
Comparison of the equations shows mD Mg,

| v
) My, |
Values of the- coefficients — andvnk? reached via the alternative routes,
- TT
can be compared, and close agreement indicates that a reasonable approximation
has been reached. In this case the values are similar, as can be shown in table

3 of section 4 below.

A third approximation for the parameter relating university administrative

and academic staff is the mean of i mD and mTA

Hence ND = K. . S




\_., \

where kp = % Tz& +myl ] |
" N, .

Library staff can be expressed as a function of st&dent enrolment, and hence
academic staff, or as a function of total university staff, in turn translated into
terms of academic staff. ’ ’

Let §DJ= total university library staff

N_. = total university staff

- N
Pp = total university student population
Np :'PT (see table 3k, section-2.2.2. of Chapter L).
; |
p

but PT =8, ST where 8, is the student: staff ratiol

therefore Nh =8, - ST
Alternatively.

N_ =z my . N (see table 34, section 2.2.2. of Chapter 4).

S

but NT = EF
B
therefore Nh = fﬁg . ST‘ ‘ . ‘
T ... (11b)
Hence there are again two alternative values, Eg and nglinking library and
and academic staff. - _ omy Merep ‘ :

The third approximation would again bevthe mean of these two'alternatiyes;

Hence N = kp - 8p . ......... e e (11c)
_where 'kh = 3| ML+ Su | /
mTT m o

/’/
« Technical and other staff can’be expressed directly as a function of

academic staff, of|can be treated'as/a residual - the différence betweéen total
university staff apd the sum of academic, administration and library elements.
The values of constants below are shown from the 1l5-university sample, is table 3k,
Chapter L. :




-

Alternatively:

o° T "p” L

but NT’ NA’ Nh are all functions of ST, as shown above. Using the
equations (10c), (llec), .
Ny = ;% - Sp kp Sp - k; - sT
TT -
=[ln1;—-1-kD-kh].' S e (12b)
T , » .

Alternatively (10a), (lla), or (10b) and (11b) substitutions could be used for
N, N_.
D "L

The third, mean, value for the parameter linking technical and academic
staff 1s:| : o

L I R (12¢)

where kO =

-
P s
—
3 +
2
: =
H
=
[w)
]
%
-

Total uniﬁersity staff can be expressed directly as a function of total
academic staff, as utilized above.

or, alternatively, as the sum of the staff elements detailed above.

Np=kp - Sp=Np+ N+ No* S, e (13b)

wherekT=-(i+k * koK)

The distribution of aca emic to total staff for the 15-university sample is
shown in table 34 below. 7

3.2. Universi}y Annual Bgcurrent Expendituré

In addition to remuneration recurrent expenditure on academic staff,
-analysed at the departmental level in section 2.2., university recurrent expendl ture
includes remuneration of library, administrative and other staff, plus non-staff
items. In this section a monetary value is assigned to these resources consumed .
The exchange rates and cost indices ‘used to enable reglonal comparisons are set
out in section 2.4.3. of Chapter k.

Academic University Staff Annual Remuneration is the sum of the departmental -
remuneration of academics, under the assumptions chosen above.

Let R, = total:university academic staff annual remuneration (£.s.e.).
Then R, = V | - |
A A 20
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f

A

Alternatively university academic staff can be treated as a total, amd
assigned a monetary "value".

\ let rp = relative weighting of academic remuneration between regions
e = currency exchange rate (U.K. = 1)
t = combined currency - cost index conversion factor (U.K.,£2700 = 1).
Ry =Ty« 27000 @0 T Sn e, (14)

Note that t, the cost conversion factor, 1s based on a detailed review
average salaries of the various university groups and cost data generally, as set
out in section 2.4.3. of Chapter k.

. Administrative staff énnual remuneration (R.) is the product of the average
remuneration per administrative staff member and total administrative staff numbers.

RD =Ty - 2700. e. t. ND “(for derivation of values see section 2.2, l of

Chapter h)
but from (10c), Nj = kpy S
A thereforé RD =Ty 2700. e. t. kD . ST/ .................... (15)
or Ry = kg + Sy, where koo = vp 2700. e. t. kp.
Alternatively the simpler parameter.T!Q as in equation (10a) can replace kD.
- » oh

-

Library staff remuneration per annum (§£) is treated in a similar manner. It
is initially expressed as the product of annual average library staff remuneration
and the number of library staff.

RL = rh . 2700. e. £. N

b (section 2.2.1. of Chapter k).

from equation (lle), N. = k_ . Sp

L~ L ‘
‘therefore RL =T 2700. e. t. #h cSq (16)
or RL = th . ST’ where th =T, 2700. e. t. kL. .

Alternatively the simpler value mTL, from equation (1lb) can be used instead
of kh-' : mTT

Technical and other staff annual remuneration (Ro) is described similarly,
derived from section 2.2.1. of Chapter 4.

R.=r. . 2700, e. t. k  . S : ' - ceieeees (A7)




<

where k sr. . 2700, e. t. k

g ’ RO 0 o’

Where desired the simpler value of ng'oan be substituted for kO'
m...v
iid\
N : '
Total annual remuneration of university staff (R.) can be expressed as the
sum of the differentiated staff remuneration detailed above, or as a function of
academic staff. _— .

Rg = Ry + Ry + R + Ry

- If it is desirable to utilize the departmental calculations of staff
remuneration, summed for all departments in the university, the proportion of
university and other giaff remuneration which is allocated to departments must be
krnown. This proportion is expressed as the ratio of number of "other" staff
attached to departments to the total university administrative and other staff.

i.e. V., D

= 70
R + R N + N
(Fp (*p * Yo)
{ o
hence Ry + RO =V (N + -O)
Do
andRA:VA
therefore Rg = V, + V, (ND + NO) +Ro (18a)
> "— 17 =« N
. =Vt Yyt (Ry+Ry) |1 - Dy R (18b)
ND + NO
: or, alternatively, RD, s RL can be expressed 1%rterms of academic staff
- 0
such that: : ,
Rg e V) +Vy+ 84 (wl - 29 . wa) R A RALTALEEEL (19)
Q
=7
where W, = (kRD + kRO + kRL)’ 5 = | kgp + ko
. , k

D + kO

directly - to total academic staff, as detailed in section 2.2.1. of Chapter 4.

R :-I‘ -2700- e-t-N
T r

S T

but Nt = kT . Sr

therefore Rg.= ¥ps * Sp L.l ST e, . (20)

or, alternatively, total university staff annual remuneration csn be related




!

where kRS =T ??90. e. t. kT. |
' ) The last method derives from total academic staff directly, though
incorporating cost indices. Where only an approximate calculate of total
recurrent expenditure is required, and not the component elements, it is a-
simpler firqt measure. o g

A simplified method for estimation of total university staff annual
remuneration and its components, is to utilize the simpler parameters equations ‘
(10a), (11b) and (12a), suggested as alternatives above. Hence

R, = 2700. e. t. (r, + r_ . "D +Tr . ML, +r mTO) . 8

S AT Dz~ L g= Oy "'°T
™ T T

Recurrent Expenditure Excluding Remuneration /,

Annuﬁl recurrent expenditure of a university also includes non-staff items.
This in turn can be broken down into administrative, library and "other" categories.
Initially the total is derived, tlien the components.

: Total non-remuneration recurrent expénditure can be expressed in)a number
of ways, either directly related to total university staff, or as the difference
between total recurrent expenditure and that devoted to staff remuneration.

Let RE - total recurrent annual expenditure of a university, excluding
staff remuneration. .

Rg = Ry - Ry

. but, éxpenditure on staff remuneration is some constant proportion (P.) of totél
. . recurrent expenditure, from analysis of section 2.h.l.vof'Chapter ' mnd.equation

(20). :
R R k S
S=P = S="RS. T
ﬁT- m or HT 7 ¥ /
) m. . T AT Ceernas (21a)
' -~—therefore Ry = - Rg

%

1 |
-kRS.(g-l)-ST \\

but RT was also eatimated from the 15-university data as fqllows:

Ry “

»

3000 . NT

2000 - kp - Sp Ll PP e .

B
..................................




However total non-remuneration recurrent expenditure can also be writtenj
from column 2 of table 39, Chapter 4, as:

g

Rg=%y-2- N
t . el
—
- . ’ - ) \\\
=% ‘%'k'r S R (22a) ~

incorporating eost indices for comparative purposes;
or RE = nRT . NT
=Dgp - Kp - Sp L e e r e aatesee i aireiree (22b)

Taking the mean of the parameters linking recurrent non-remuneration
expenditure per annum (nE) and total academic staff (S )-

I*‘*‘Rssz . USSP (22¢)

and'kE is the mean;

K = 1/6 [k,r (3000 + 2ngy) + 2xg e. £ - kpo (2 - Ilf“)]
: m

and k azb.ﬂmhewmk

RS T

or kpo = 1350 e. t. (rT kp+ roky+ Ty + T kp+T . kﬁ)'

. 0 . | “
This total non-remuneration recurrent expenditure per annum is distributed
between administrative library, and "other" functions as follows:

Let R?D = total university annual recurrent expenditure excluding remuneration

. = devoted to administration £.s.e. (per annum)

-
0

Adminis%ration: RED

total university annual recurrent expenditure excluding remuneration
devoted to library £.s.e. (per annum). :

total university annual recurrent expenditure excluding remuneration
devoted t¢ all other facilities £.s.e. (per annum).

T
o
o
v}
o

"
g
I
(€]

év
&

Iibrary: REh

1

o
o
(@)
L'dw .

A h 7 1"
Ail other REG =




where RED + REL + ﬁED = RE

i.e. P + P

0D
‘The distribution of recurrent expenditure (excluding remuneration) between
these items, in the 15-university survey, is set out in colﬁmng 3-5 of table 15.

Total annual university recurrent expenditure is the sum of the remuneration -
" and non-remuneration components.

Rp e Rt Rp e (26)

Note: 1In all cases above simplified values, based on those of (10a), (11b) and
(12a), consistently applied throughout the parameter calculations, can
. replace the non-simplified values used above. In the following sections,
only non-simplifiéd values are used. This involves substituting the
simplified forms for kD’ kT; etc., as approeriate.

3.3. Net University Floor Area

‘The following two sections develop a methodology for calculating university
space requirements. In this section, university net building area is built up
from the requirements for separate categoriés of space, defined by their function. =
Hence the areas necessary for teaching rooms, laboratories, academic and -
administrative staff offices, library and "other" activities are defined indepen~
dently. The sum of these, net university building floor area, is then immediately
calculable. The relevant data analysis from the l5-university survey is found in
section 2.3.2. of Chapter 1k, with summary table 38.

To avoid excessive repetifion, oﬂly non-simplified values are given in the
area sections following. However it is possible to substitute the simpler ratios
indicated above at the relevant points. o Cy

, / . ,

‘I‘eachig&rooms“requirements are directly proportional to total student

population.

"

If A, = total net university teaching rooms (m2) v

g
L]

total university student population
\

(4]
1

total university academic staff.

then A, = uFA . PT - '

R T ST
where 8, is the overall student/staff ratio.

. X B Q
then Ay = Upy Sy - Sp U (27)

Laboratory,afeas

If Ay - total net university laboratory area (m2)

[

oU
23




A :'UFB.PT

TURR Syt Bp (28)

Academic staff offices are directly proportional to academic staff members.

If Ag = net university academic staff office area (m2)

Aszu . S

Administrative staff offices are directly proportional to the number of ¢
administrative staff. , :

if AD = total net university administrative sigff office area (ma)
ND = total university administrative stqff(

from (10c), ﬁD = kD_' S,

therefore Ap = gy - kpy - Sp U (30)

All "other" space including library is a function of total universify staff

Let AO

- Ag = Upy - Np

. total net university all other floor area (m°)

i from (13b) = upg - ky - Sp ... S S (31)

The librafy area component of this is a function of total student population.

Let AL - total net university library floor area'(me)

AL = Ypp, - P

= Upr - Sy Sp e (32)

Total net university floor area is the sum of these components

T F
A, =z A, + A_+ Aq + A+ A

Tet A = total net university floor area (all kinds) (m°)

T= A B D 0

which can be efpressed as




\
' using eeuations (27) to (32).

3. h Gross University Site Area

The method is developed by first evaluating gross "used" university land
area. This is the sum of gross university building area, determined independently
of net building floor space, car park and'recreational facilities.

In order to assess the total site of the university from this, it is
necessary: o’ incorporate some evaluation of building density and environmental
desirability.

- The building density factor utilized here is the ratio of net university
building floor area to total gross university building land area. "Environmental
desirability" is the ratio of total gross university land area to total gross
"used" university land area. .

The matching of the "desirable" building and recreation areas to. any
actually available or potential site is demonstrated.

The parameter values based on the international survey can only glve a
general guide to land requirements. Values arising from a specific context can
be substituted for those utilized here. This applies particularly to the arsa
of land occupied by buildings, where different styles of buliding lead to a very
wide range of values for the building density factor

Gross university building land area can be assessed directly from
academic staff numbers or total university staff, or related to«total gross
university "used" land area.

Let By = total gross university building land area (2ll kinds) (m )

B; = total gross university "used" land area (m )

BT - total gross university land area (ail kinds) (m )

"

Then BB = Upg . Sm N

’ Q_EBBz uBT . N‘I‘
= ugp - Kp o Sp o e (34b)
or By« by By . o
but, By = by - B, and By« upp - By |
. therefore BB - (bEﬁ f bU ¢ Ump su) ST ...... o (3he)
Let By = kp - 5L ......... .. ST (34a)

where k -« 1/3 [ + uBT - K +_bBU . bU + Upp . su]

i.e. k is the mean value of the parameters linking By and Sj, in (34a), (34b) and
(3he).” ' ’
37
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Total gross university car parking land area (m ) can be expressed in terms i ‘
of total staff and students, or of gross "used" land. S

et BP :Atotal gross university car parking land area.‘

Bp = upy (Pp + Np) ,
= uPA\'~‘Bu *k) Sp e .. (35a)
or By = by - By
= Py« by - gy - 8y t Spoo.L. e e (35b)

or let Bp = kp . ,ST". ................................... el (350)

where ki = % [su ( boy bU P’ *+ up, =Ky ]

i.e. k, is the mean value of the parameters linking B and S in equations

(350) Rna (350).

v The number of car-parking spaces (Z) equals the total gross car parking
area (B ) divided by the effective land area per car-parking space (a

Tbtal gross university recreational facility area can be related to the
total student population or. gross Tused" land area.

Let BR = total gross university recreational facility area (me)

By = ugp - By
/ = uHP T (37a)
or Bp = bpy + By |
= PRy By Vet Bu ST, (37b)
Let Bp = kg« Sp Mo e et (37e)

i.e. k.. is the mean value of the parameters linking BR and S
and (37D).

Total gross university "used'land area (m ) is the sum of gross land areas

I in equations (37a)

for university buildings, car parks, and recreational facilities.

; . B, = By + B, *+ By T RRRRETEEE :":°°°7";°°'(38)'




i

A 4 The total gross university land area can be related to academic staff or to

gross "used" university land areagfﬁu). . , .
Bp=Upp + 5y - ?T e e et ie ettt i e e (39)

. A better value, based on a broad site-density factor is:

I e A

where uTP = 55 for a high density situation
. s = 2,0 for a low density situation

The alternative, incorporates a simple evaluation of "environmental
desirability". b

-

hl

Let BTD-= desirable environmental limiting" value of B s gross university land
area. ' .. :
then BTD = 2.5 BU ................ et se e etneen Verterenaees (40)

Building density criterion: building density can be considered separately
from the aggregated total site determinations A building density factor is:

BB ............ e sescsaceraacsas trrtiieceesesesenne's (l#l)

which can be calculated directly from -equations (33) and (34¢) for each university.

The total sample appears to fall into three separate density groupings S0
that for an approximation it can be deduced that::

o

d 0.526 for a 1ow average building density

© B

1.664 for a meduim average building density

;2.7h9 for a high average building density

and these values can be used to indicate the order of building density for any
corresponding values of building floor area (AT) and land area (BB)'

3

Desirable recreational land area. As a "second order" factor in
environmentei desirability it would be advantageous to satisfy a recreational
land area criterion of the following order of magnitude (derived from column k4 of
table 37).

from (37a), By = Upp + Sy S

such that uRP approaches 12,

or B =12 -8, - Sp e ... (k2)

where BRD is the desirable environmental limiting value of recreation land

area, BR

3 Li ‘ ‘ . -




Practical Application

" model. Given this total site, it

It is highly probable that calculated land values from the model will not
satisfy equation (33), or alternatively, that the land available is limited /and
does not allow for total site to total "used" land area ratio of 2.5 (LO).

In these cases, total site B is fixed by circumstances external to the .
;T?possible to proceed as follows:

Calculate the required net building floor space (A,) from equation (33).

Set an "environmentally desirable” criterion for the tota’ site relative to
total usable land. It is suggested here that this should be of the order of 2.5.
(equation (40)). : ‘

Calculate the total usable university land area (BU) from equation (L4O).

Then BB BU BR - Bp from (38) ~ Gross university building area is hence
determined ‘ _ :

Calculate building density from equation (k1) dy = Ap

Compare this value of to the set of values of bullding density - low,
medium, and high - derived from the international averages, to indicate the order
of building density necessary for this site. I this is acceptable then the
"environmental” equation (40) will be satisfied. If the density,is ‘unacceptable
then it will be necessary to modify the car purking area, , and/or recreation

area B§ e.g. by the use of multi-storey car parks and high gensity recreational
u .

areas such as "dry-play" surfaces

As a second order" environmental desirability it would also be
advantageous to satisfy the recreational land area criterion. . ‘

Bpp = 12+ 8y « Sp L e, e s (42)

It is emphasized that the above method only gives an "order of magnitude"
solution but it can be useful as an 1nd1cation of desirable area distribution

>

. 3. 5 Total Capitax Value and Annual Cajpita.l Expenditure

This 1s treated first as accumulated past capital expenditure, the
existing value of capital stock, and second as a per annum expenditure in a growth
situation. The latter treatment includes an attempt to distinguish within annual
capital expenditure, that attributable to growth, and that which would be necessary
even in a steady state - called the average annual basic or "true" capital
expendi ture. ‘

Each of these types of capital expenditure are subdivided into building-and
non-building items. The growth situation presumes that the university institution
already exlsts 1.e. there is no analysis of expenditure requirement for a totally
néw university. ' '

' " Data analysis based on the international sample of 15-universities is
detailed in section 2.4.2. of Chapter 4, together with a more thorough appraisal
of “true"‘or basic capital expenditure.
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Total Capital Value

For all the following:it is assumed that student population, PT’ is known.

~

Building

‘This entails aesigning a monetary value to building requirements determined
in sectiohs 3.3. and 3.4, : ,

. From equation (33), -net university building floor area (A ) was related to
_total academic staff complement o

: AT = kAT . ST

where'kAT - [su (UFB + uFA) +upy - ky o+ ug, kp + qu}.
“If k = constructionacost per unit building net floor area (all kinds) in
£.8.e. per m, . .

‘then the monetary value of the building capital (qB) i1s:

ALl "Other" Capital Items I

All other capital items are proportionately related to the capital value of
buildings such that:

Co = ¥co - % ) /
where C, = the value of all "other" capital items
RCO" the ratio of the valué of 211 "pther capital items to value of
’ buildings (CO) )
CB r , / . - N »
from (hD), Co=keo * ¥ - ¥ap - 5p Ce e iie e eeeerevanes (hh)

‘Total capital value of university is the sum of the capital vaers of
buildings and all other items

C , + C : .

r=C%*C
/ . )
Cox M) sk kg e Se (45)
where C the university‘total capital in £.s.e. . .

T -
Annual Average Ca.pital Expenditure

Within the total annual average capital expenditure, it is possible to
}distinguish between that associated with growth of the institutions, predominating
expenditure on building accommodation, other capital expenditure related to growth
and lastly a non-building "basic" capital expenditure which would be necessary :
even in a static situation ‘A method for the isolation of these elements 1is , |
presented below p : |
, 30 , .
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‘Building

It is assumed that there is an annual growth in student pOpulation of
aPp - 8, and that this value is known. 5,

[Ev——,

PT, ‘ Y

annual average total university growth capital expenditure on
building (£.8.e.)

Cog = & - Ay

“pg *

and from (33), =& ke Ky v Sy, e (46)

All Other Capital Expenditure

. Using the growth factor g it is possible to .reduce capital costs other than
building to a "basic" or "true" expenditure necessary in a steady state. ‘This
latter hypothesis is based on the assumption that the growth element in other

- than building capital can be removed by using a simp?!=2 growth factor correction
as follows .

' "Basic" average annual capital expenditure Cy = Co(l~g) cees (BT)
where C, = total average "other than building" annual capital expenditure.
. - ~ / N

If CO = average annual total university capital expenditure, other than
building, associated with growth.

/s

then COg = cb

However basic annual average capital expenditure (unrelated to growth),

Cb’ is also related to academic staff numbers.

therefore COg = kb . ST

ﬁ"-g) ......... . (49)

Total Annual Average Capital Expenditure

T =

then CTg

If C,_ = total annual average capital expenditure

= Cp, *+ C

&

n
1]

~
td

L ]
1]
~
~
+
w
(4]




4. Parameter Values deduced from the International Data

This section sets out the departmental and overall university constants,
provided from the international 15-university sample and 80~university survey.
"Hence it provides two possible sets of values of the constants in the simple
overall model, which can be-utilized to determine various resource requirementis.
The two sets of values are, hot directly comparable as the larger number of
observations in the 80huniversity survey enabled a classification into 5 geographical
regions, contrasted to the 3 of the sample. However in many specific inutances,
the alternative values display a good degree of similarity.

The analysed results of the two surveys are presented separately Tables 1,
2 and 3 refer to the sample of 15, whilst tables k, 5, and 6 refer to the full
80-university survey. Tables 1 and 4 detail the departmental constants which
could be utilized for the evaluation of section 2 of this chapter. The methods
by which the raw data was analysed to arrive at these values is developed in
Chapter-l, ‘sections 2.1.2, and 2.1.3. Tables 2 and 5 detail the overall :
university model primary constants, which can be used for the determination of '
the relationships of 'section 3. Tables 4 and 6. provide the "gsecondary" constants
from which the former primary constants were derived. They have been incorpora-
ted at the appropriate points within section 3 of the model.

It is emphasized that these two sets of internationally derived data provide
only two possible sets of constants with which to evaluate the model.  Alternative
sets, based on specific local or national conditions, could equally as well be
applied.

Chapter 4, particularly section 2, provide more detailed analysis and
interpretation of the survey data, relevant to the overall simple model.

Section 5 of this chapter utilizes the vdlues of constants provided in
tables 1-3 (the 15-university sample results) to provide an example application
of the methodology.
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Foo
’

Overall University "Secondary" Constants - 15-University Sample. '

Table 3.
' | (Used for evaluating primary constants)
Equat. Secon- | Region
No. gg:itant. U.K. N.A. EUR. AVERAGE
. L. 0.21 0.40 0.15 0.20,
10c - 0.37 0.25 0.52 0.46
mp 0.59 1.74 0.28 0.55
llc Mo, 0.05 0.03 0.06 0.05
llc mp 71.3 52.8 151.0 115.4
12¢ Mo 0.37 0.32 0.27 0.29
15 ry 0.52 1.18 0.49 0.62
16 r 0.50 0.87 0.52 0.57
, - T 0.65 1.21 0.84 0.87
17 ro 0.37 . 0.90 0.53 . 0.56
! r, 1.050 1.230 1.030 1.140
- Pom 1335 1158 1042 4 1143
22¢ X, 1325 1960 1359 1457
Py ,‘o.6o - 0.61 - 0.65 0.63
, - Upg 420 121 159 . 208
3hd Ugn 139 30 82 83
bry 0.49 0.39 0.67 - 0.56 ,
| by 0.251 0.437 0.294 0.369 -|
Upa 3.29 9.22 2.75 4.37
Uep 25.4 19.8 3.3 13.2
o 0.32 0.21 © 0.38 0.32
ey 0.68 0.79 0.62 0.68




Table 4. Departmental Oomn.nu; Claseified bLHn‘ibn and Subject Area
‘ BO-University Survey J/
A B c D E , I G H
Aoademic/ Teaching Hre | let Degree/ Student/ let Degree/ /| Recurrent Total Staff| Acad. Remuner,
Subject Total Staff]| Academio Total Teaching| Acad. Staff| Total Studsnts| Expenditure/| Remun./ /Acad. Staff
Claseifi- Region (DA / Stat? Hours (FT Y, (FU / L Total Staff { Recurr. (vA /
cation D'l‘) (TT/D (TU /'1..‘ DA) F’I‘)/ (VT/D !(h‘:,pcm. DA),
%) ™) y ) Wy
/ T)
N.A. 1| o.700 B.45 0.597 5.37 0,448 2750 4,00 2969 |
1 ;| UK 2| 0.550 9.98 0.709 - 7.87 0.891 23713 2.03 26803 i
* SCANDINAVIA 3| 0.527 5.23 0.598 5.08 0.674 2200 3.10 2686 i
IPure Science | "mec” L] o.554 - - - - 2185 2.38 2l12 ‘
OTMER UM, 5| 0.760 7.70 / 0.916 10.99 0.967 1714 1,81 2014 .
AVERAGR 0.610 8.8 - 0.684 7.1% 0.783 2340 a.77 2667
11 0.713 8.56 ,," 0.935 7.84 0.580 - 2m 4.00 2695
2. . 2 0.277 22.00/ 0.927 1.3 0.976 2617 g.n )1)2
21 0.655 -/ - 9.09. .+1,000 2550 < 3,45 225
jArahiteoture Wl o0.826 12,84 - L.Bs . - 2297 | RT3 a2ké
5] 0.724 1‘0’.66 - 8.88 0.845 1808 1.50 1502
AVERAGE 0.654 13.51 0.931 8.52 0.830 a9y 3,03 2371
1| o.u0 |4 16.22 0.682 8.16 1.013 2861 3.86 . 2602 !
2| o542 | .6.98 0.830 9.70 0.877 2b2s - . 2,10 2887 !
> 3| 0.7k S S . 0.093 6.41 0.848 1786 3.22 2614
Technology 4 0.63% - 9.96 - 6.16 - 2301 ' 2.56- 2u43
) 51 0.5% 11.78 0.968 10.87 0.941 1864 1.41 1609
AVERAGE 0.563 9.56 0.784 8.19 0.911° 2332 2.58 2591°
1| o0.678 4,29 "1.000 10.10 0.981 . 2836 3.62 2791,
L . 2| 0.488 6.77 0.857 4.58 0.813 2431 1.95 2931
' 3| 0.5k0 19.00 - 5.82 0.578 2253 3.18 2703
Medioal h 0.493 - - L.u2 5.464 1141 - 2.61 a5z
Soiences 5] 0.774 T.43 0.654 7.92 '~ 0.785 1621 1.54 2188
AVERAGE 0.607 8.1k 0.762 6.53 0.950 2187 2.89 2519
1} o.607 15.89 0.504 11.07 0.7T4 2629 4,29 3154
5. 2] - - - - - - - . -
3] o0.382 - - 5.76 0.981 2369 2.72 3016
mgriculiure i ~ - - - - - - -
5| 0.519 9.Lbk 0.83% 14.05 0.935 1803 - 1,48 1852
AVERAGE 0.521° 11.59 0.587 11.60 0.847 2192 2.66 477
1] 0.815 11.19 0.604 2.49 0.759 a5k 4,40 3004
s 2| o.780 10.00 0.838 9.26 0.886 2151 2.33 2531
' 3| 0.802 6.04 0.716 9.50 0.685 3061 3.27 3088
Humani tiee 4yl o.824 - - - 20.26 0.878 2236 2,76 2273
: 51 0.806 6.78 0.961 12.67 0.978 -2192 1.64 2057
AVERAGE 0.798 8.53 0.762 11.35 0.807 2597 3.11 ~ 2693
’ 1|, 0.795 18.71 0.824 8.16 . 0.835 2141 §.32 5232
7. ‘2| 0.867 - - 6.31 0.878 2407 2.29 2546
Mine Arta I : : : 0.7 N : :
5{ 1.000 9.50 1.000 14.50 1.000 - - 2108
AVERAGE 0.829 " 17.40 0.849 9.66 0.863 2208 3.81 3006
1| o.né 11.50 0.667 20.49 0.853 2870 | w02 2185
8, 2] 0.650 9.75 0.846 10.64 0.098 2236. 2.30 2700
Bucation 3 o078 - 0.500 15.85 0.882 3139 3.23 76
5| 0.800 6.25 0.400 7.08 - - - 2677
AVERAGE 0.710 10.10 -0.624 15.75 0.782 2170 3.33 2017
) 1| o0.420 5.88 1.000 15.77 0.679 3284 3.60 2981
9. 2 - . - - . - - - - -
Law 3| 0.799 9.79 0.766 17.72 0.657 2666 3.2 2968
. b 0.755 . - - 28.54 - g 2k79 2.90 251y
0.756 6.23 1.000 82, 1,000 1851 1.5 1886
AVERAGK 0.720 7.48 0.867 31.29 0.684 2669 301 . 2882
1§ 0.702 10.73 0.625 17.65 | 0.743 2870 4.11 nm
10 2{ 0.796 9.40 0.860 9.12 0.813 2427 2.28 2633
: 3| 0.776 5.80 0.519 17.68 0.812 2562 3.24 2675
<}  Scoial 4 0.90% - - 17.18 0.668" 2571 2.8 2640
Sosences 5{ 0.816 1.70 0.882 14.53 1.049 1855 1.25 1985
| nvEma 0.769 8.93 0.695 15.23 0.840 2593, 3.16 2722
m 0.674 9.16 0.728 11.41 0.828 2438 2.91 2669
Q . 4 ‘i '
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5 Example App;ication of the Methodology

‘In this seciion an example application of the methodology 1s presented
based on parameteﬁ~valueq obtained in the 1l5-university sample, and set out in
tables 1, 2 and 3 of section 4 above. This university is compared with the Y
"overall uverage" university. Alternative parameter values, for example for the
80-university survey, could be substituted at the relevant points in the methodo-
logy to obtain an alternative set of approximations,

/ 4 "University X - Input Data.

: Table.7. Departmental Student Data - Example

| Students Students | Total (F,n)
Classifi- | Subject Area ll):;ree ﬁﬁi‘:ﬁ | = (Fyy + Fayy
.. pation No. R P .
: Ui ol
1 Pure Sciences 1311 850 - 2161
y Medical Sciences | 113 7 190
6 Humanities - 1647 893 2540
-8 Education 206 3 2lg
‘9 Law 1274 959 2233
10 | Social Sciences 510 177 687
TOTALS 'z 5061 2999 8060

Origin of X: It is assumed that University X is from Holland in the EurOpean '
grouping. Hence:

ex869  tz0.0067 k = 57.6. £.s.e.
Growth: Assumed to be at the rate of g « 15% per annum

$ .
Data at subject level

Using Table 7 and the oonstants from aection 4, table 1, the following
basic calculations can be made:
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Eiample Resulta: (Overall University Level:

\'.\ . Table 9 presents ‘the values determined for University X, from the model.
'Ihey& are organized in the same format as the model itself. Only non-simplified
valuax.re used. Alternative simplified values can be substituted .

Table . 9. Overall "University X" Requirements

Equat.' : N ' | n " Average
No. Item ilnits University X University
Data | Dept. students - total ~ F =P, 8060 8060
Data Dept. undergrad. students FU-P - 5061 5061
Data Dept. postgrad. students F.=P.| . . ' 2999 - | . 2999
1 | Staff weekly teaching hrs. T, |' i 6064 7067 °
2 Dept. Academic Staff . D,=S, X T 669.8 7674
3 Total dept. staff Dp | » ‘ 1025.1 | = 1ll22.h4
4 Dept. "other" staff D, ! - 355.3 355.0
5 Dept. recurrent expend. p.a. V,I;ii‘..s.e.(p.a-.) 2,272,060 3,23},000
6 [ Dept. staff remun. p.a. vy £.s.e.(p.a.) 1,909, 000 2,785,000
7 Dept. acad. staff remun. ' . ' ] '
p-a. Va £.s.e.(p.a.) 1,601#,000 2,267,00(?
8 Dept. ‘recurrent experd. .
excl. remun. Vi £.s.e.(p.a.) 363, 000 448,000
9 Dept. "other" staff remun.’ ) T
| p.a. _ VO>£.s.e.(_p.a.) - 305,000 518, 000
" = | Student staff ratio 5,2 P r/ST ' . 12.03 : 10.50
10c | Univers. admin. staff Ny | 190.2 378.3
llc. Univers. library staff N _ ‘ © +65.6 o 77.5
12¢ Univers. technician and | o
other" staff N, 355.7 6.3
. § .o
13b Total univ. staff NT 1,281.3 1,687.5
15 Univ. admin. staff remun. - : | )
{ p.a. RD £.s.e.(p.a.) 211,000 . 499, 000
16 Univ. library staff remun. | -
» p.a. N - Ry £.$.e.(p.a.) 77,000 | - 94,000
' 17 Univ. "other" staff remun. ' :
N ' p.a. R, £.s.e.(p.a.) | 532, 000 - 642,000,
' - Univ acad. staff remun. ) . _
p.a. » Ry=V, (£ e.(p.a.) | 1,604,000 2,267,000
18b | Total univ. remun. p.a. Rs‘ff.s,e.(p.a.)' 2,245,000 3,539,000
19 Total univ. remun. p.a. Rg|£-s.e.(p.a.) 2,237, 000 3,521,000
22¢ | Univ. recurrent expend. : ‘ » ’
- excl. remun. Ry [£-5.e.(p.a.) 1,393,000 {1;921,000
. . L
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Table 9 (Continued).

, uat. 1 AN ] | - it ,,1 Average
: EE. : i Item N\ Units UniveLf;uy‘x University
23 Univ. recurrent expend. .
excl. remun. (admin.) Rep 146, 000 221,000
2L Univ. recurrent expend.
excl. remun.-library REL 50, 000 94,000
25 " Univ. recurrent expend. g -
excl. remun.-"other" Reo 1,197,000 1,606,000
26 | Univ. total recurrent _ B
- expend. p.a. " Rp 3;638,000 5,460, 000
27 | Net univ. floor area - ) ‘ ‘ ' .
. teaching A, . 23,400 18,500
28 | Net univ.:floor area - ’ ’
labs. ' Ag , 32,200 32,200
. . . : \ '
29 “Net univ. floor area - : g“ S , (*) :
i acad. offices Ag m ; 13,400 15,400
30 Net univl floor area - - ‘ 5 : ‘
admin. offices Ap |- m 6,600 10,100
¢ ;
' 31 Net univ. floor area - ) o : * E
\ "other" ‘ A, m 63,700 72,500
32 Net univ. floor area - o .
library AL m 6,500 - 9,700 .
33 Net univ. floor area Ar n? ‘ [ 139,300 148,700
' 3§d ' Gross univ. building area Bév n? 105,700 105,300
_ 35c | Gross univ. car park area B, e 25,600(d) L2,600(d)
1 . - . . : .
36 Approx. iro. of car spaces 2 spaces 2,137 4,259
37 | Gross urniv. recreation area B, | nf 26,600 106,400
40 | "Desirable" value of BR BRD n? 96,700(c) ‘ 89,300(0)
1 38. Gross: univ. "uséd"gland o 5 ' |
area ' ‘ BU _ m 157,900 299, 300
3 | Gross univ. land area B, e 644,600 7,058,500
3a | [Bg]s high e 443,200(a) | 443,200(a)
2 .
H9a - [BT s lqw \ m . 2,0}&,&00 2,014,400
41 | Building density factor. } E
dg = AT/BB - 1.318|" 0.989
1 ' (meduim . (meduim/low
A ‘ 5 density) density)
38 | Gross univ. land area By m ' 228,000 282,000
: - - (using 40 in-
| ) {stead of 37c
| A . - 2 | - 1n %) Y
40 'besirable” value of By Brp m v 394,800 748, 300

(*) An interpolated value Uso = 4.0 15 used nere

IToxt Provided by ERI

Hu




Table 9 (Continued).

Avérage

Equat. o " ' 1"
- Item . Units University X University

No .

or 570,000(b) |or 705,000(b)
No%e)that (a) does not satisfy
b

4o Gross,univ. land area BU nf . 177,200 177,200
1 5 (Using values (a))
38 Gross univ. building area BB m \ 54,900 [ 45,300
: ‘ . (Using values (c) and (d))

41 Building density factor dgl, 2,537 3.283

P (High building density. In-
vestigate alternative parking
and/br recreation areas).

L3 Capital value of total univ.

building | Cgle-s.e.(total) 7,98&,000 9,191,000
Ly - Capital value of total univ. )

other than building Co £.8.e.(total) 4,886,000 4,329, 000
45 Total univ. capital Cple-s.e.(total)| 12,870,000 13,520, 000
L6 Univ. growth capital on ’ :

building . ‘CBg £.8.e.(p.a.) 1,204,000 { 1,378,000
Lo Univ. growth capital on ;

: other than building COg £.8.e.{p.a.) 378, 000 ; h}j,qoo

50 Av. univ. growth capital- '

total | CTg £.s.e}(p.a.) 1,582,000 1,811,0PO
49 Av. "basic" capital expend. Cy £.s8.e.(p.a.) . 322,000 368,090

0L
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Table 10. A Selected Summary of Results (Costs in Currency of "University X").

‘University

University "X" and Average

ERIC

Item‘ Units “University x" ngsziggty
Pure Science Subject Area '
Total students 2161 2161
ITotal academic staff 240.0 281.7
Total staff 453.7 L6k .1
Total annual staff remuneration Guild.p.a. 7869000 12364000
Total annual recﬁrrent |
expenditure Guild.p.a. 9589000 15213000
. Humanities Subject Area
Total students 25&0 2540
beal academic staff 235.3 265 .8
Total staff 200.1 325.3
Total annual staff remuneration '| Guild.p.a. 5943000 8690000
Total annual recurrent
) expenditure Guild.p.a. 6757000 94&2000
Total University
Total students 8060 8060
Total academic staff ' 669.8 767 .4
Total staff (all kinds) 1281.3 1687.5
Total admin. staff annua ) i
| remuneration - ' Guild.p.a 2173000 5489000
Library recurrent less
remuneration expenditure Guild.p 515000 1034000
Total staff annual remuneration | Guild 23124000 38929000
Total recurrent annual : ‘ |
expendi ture Guild.p.a 37471000 . 60060000
Total laboratory net floor area | ~ m° 32200 32200
Total building net floor area me 139300 148700
Univeréity mémbers per car park .
space ' 4,37 - 2.29
Total used land area m2 157900 299300
Total site land area - 2 L3200 L3200
Desirable site land area oom 570000 705000
Average annual grewth'buildiﬁgs . ’
capital Guild.p.a. 12401000 15158000
Total average annual capital Guild,p.a. 16295000 19921000
" O
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1. Introduction

»

T™e methodology developed here has as its goal the determination of
academic, technical support and administrative staff at the departmental level
of university type institutions. The approach is a combined conceptual/data
analysis one and would provide reliable intra-university data although it can be
used in aggregated form for institutional requirements (see reference 5). '

The method has been developed to be as flexible as possible so that it
can be applied inte ationally. Thus a basic concept of programmes of study
at defined levels of{ study has been introduced, from which springs specific
equations for departmental academic staff for particular geographical regions.
It i's thought that this basic concept is applicable to other fon.s of organization
than the common faculty-department—arrangement. Such application is left to
the reader. '

The basic concepts for academic staff analysis' are described. These
are then developed .for departments in general terms from which practical
evaluations are facilitated using data based parameters which vary by subject
classification and by geographical region. A comprehensive example is given
to 1llustrate the application of the complete method. s '

The determination of supporting staff (technicians, assistants, ete.)
and administrative staff depends upon a reasonably accurate estimate of acadeniic
staff distribution. The former 1s also found to depend significantly on
effective "laboratory" area and hence an analysis of this is also developed in
terms of academic staff. ,

The whole approach is kept as,simple as possible as the objective is to
provide methodology and useful data to enable individual universities to develop

their own specific equations and methods. Decisions on method and data constraints

should spring from bodies which include academic staff, students and administra-
tors.. However it should be added that the appendices of this chapter, and
Chapter U, contain a considerable quantity of general information, which can be
of use in solving specific academic planning problems.

2. Academic Staff Estimation by Department | .

2.1. Basic Methodology

The functions of academic staff can be broadly described as follows:

(a) Teaching Function: First degree or diploma, higher degree or
diploma, short specialized programmes, research supervision and
industrial visiting to students (where "sandwich" or co-operative
programmes are involved).

(b) Personal research and "consultancy fﬁnction".

(e) Other Functions: Administration, committees (university,
‘ professional and national), student counsélling.

The assessment of academic staLf requirements presented here takes into
account only the teaching function. It has been .reasonably well established:
within an international framework that average staff/student contact teaching
loads aré of the order of 9-10 hours/heek (with a factor of about 2. 5 for
conversion to actual worked hours - allowing for preparation, marking, etc.)

and that personal research and consultancy occuplies 25- 30% of a normal working

Ok
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week . This accounts for about 36 working hours per week with. say, at least four
hours per week for the other functions. Thus on this basis it is assumed
Justifiable to concentrate on the teaching function to define the staff requirement
for a university or departmént - the remaining time being available for research

and other functions. is definition must, of course, be based on the average
gstaff member and does not imply. that every staff member proportions his time in a
uniform way. Having established a staff requirement based on the overall teaching .
function commitments in a reasonably equitable way it is a matter of detailed
management within the university and 1ts“6?g§ﬁ;:ational structure to determine the
individual functions of its academic staff. ~ -

Thus the method or staff estimation is based on the teaching function which
1s, in =ny case, the basic "raison d'8tre" of a university.

2.1.1, Ihé Generalized Programme of Study Cbncept

- Departmental teaching responsibilities can be analysed via the utilization
of a generalized programme of study concept. A programme of study is defined as
those requirements which must be satisfied for the satisfactory completion of the
student's period in the university. It frequently is terminated by the award of
a degree or diploma. Thus the concept embraces all the teaching functions of
the department - undergraduate courses, student research werk, short courses,
industrial training etc.

Each programme will generally include lecturing, seminar, and/or project/
thesis commitments. Each programme is further classified by the lévels of study
incorporated. A study of various systems of university education across nations
suggests that academic work can be defined at three levels of study: '

. : Level 1. Fundamental. Early first degree/diploma study

Level 2: Advanced. 'Intermediate. between first degree/diploma and
higher degree/diploma study. :

Ievel 3. 'Higher. Higher degree/biploma'study.

Two particularly diffieult problenis reégarding the choice of approach were
encountered. The first concerned the decision as to whether the basic approach
should derive from subject elements or from complete programmes of study. The
second, connected, problem was that of making adequate allowance for service
teaching between departments. The generalized programme of study was finally
selected as all students must eventually satisfy a particular programme to
qualify for a specific degree or diploma.

Departmental servicing contributions are incorporated through the use of
distribution factors which are developed in some detail (as it is often here in
practical application that the greatest emotion is generated inter-departmentally).

‘ Hence a general equation is derived for the departmental teaching function,
in terms of different levels of study - fundamental, advanced, and higher. From
this simplified expressions for particular types of study programmes, e.g. short
‘courses, are easlily evolved. The various types of study programmes are detailed
individually. ' )

At this stage it is not possible to simplify the equations further because
of differing programme structures and approaches at the international level. It
is, however, possible to provide considerable data reduced parametric information

[ SN
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for specific geosraphical regions and subJect classifications and these can be
‘used in the generalized equations which can then be conditioned to the particular
university teaching function. In order to illustrate the late application of the
method, therefore, the equations are developed for typical university in the
United Kingdom and worked examples are glven for a typical technology department

. in which academic staff estimations are made for first and higher degree pro- -
grammes, (including a detailed estimate of servicing distribution factors), short’
courses, -research supervision and industrial visiting.

Principal Notation.

11, 12, l3 \ - average student lecture hourcs/week at siudy levels 1, 2, 3.
2; s, - average student seminar hours,week at study levels 1, 2 3.
7 Seminar hours are all hours spent in the classroom
excluding lectures.

S S

1

g By & - average student seminar group size at study levels 1, 2, 3.
This is the average size of all teaching groups, excluding
lectures. '

P> p2, p3 -~ total student numbers in a programme” at study levels l,‘2, 3.

Wi Wo w3 - total number of weeks tuition at study levels 1, 2, 3.

Y15 Yor y3 - number of years in a programme at study levels 1, 2, 3.

kl, k2, k3 - welghting factor on staff loading relative to the
fundamental level (1) at study levels 1, 2, 3.

pp s pp‘ ' - total student numbers on proJect/theses at study levels 2, 3.

2 >
b2, b - average weekly staff hours per student of project

supervision at study levels 2, 3.

bR - average weekly staff hours per student of thesis supervision

hl - average lecturing staff hours/week at fundamental level of

. study (i).

h - ~ average seminar staff hours/week at fundamental level of
study (1).

w ~ number of weeks in university academic year

S -~ academic staff requirements for a generalized programme

¥ of study. '
SD - total departmental academic staff ‘contribution to a
~ programne of study.

Dy . - total departmentel academic staff requirement

ss - departmental academic staff requirement for short courses

SR § - departmental academic staff requirement for research

student supervision

.
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S ‘ : - departmental academic staff requirement for industrial
visiting of students on "sandwich" courses.

Ab v - departmental support area requirements (m2)
Ds - total depar*ﬂental support staff (sxcluding administirative)
Dy ' _ total departmental administrative staff.

2.1.2. Academic Staff Contribution to a Programme of Study

Consider a BrOgr:mme of study at the advanced level (level 2). It enrols

students, and each student has a weekly load of 1, lectures and s, seminars, in
aVerage seminar groups of size g The duration of this level is % university
academic years each of w weeks. The students receive a total of w weeks tuition
over the complete period The staff weekly loading is h /k and h s/k hours for

2 -

_lecturing and seminars respectively, where k., is a weighting factor reflecting the.
level of study relative to the fundamental lével p_  students undertake a project
thesis involving b, hours per week of academic r - v
staff supervision.

s

This is represented algebraically as:

‘Staff required fer lecturing - k2 . 2.2
by L. e (1)
W 8 p
Staff required for seminars = k, . 2 2 2 Cireetaaaaas (2)
N
k. .p_ .b
Staff required for project/thesis = "2 P, 2
h .
S teeseieisieiiaoas 3)

Thus the academic staff requirement for a completely generalized

~ programme of study is given by:.

s, =k - 11 LS .31_.,+k2\;'_'_2_ Ly P
w o ihyoghy v} w b &by ¥,
w.ll, s b, k b
+k).__2[_2+) p3+2pp22+ )ppjj
w |h g
! S h n

s S eeenens coe (B)

This is the basic equation from which departmental and hence university
staff requirements are derived. It will be noted that equation (&) is largely
conditioned by the parameters ll/h S1 o ete., and b (a4s in reference 2) and the

3 1 :
g hg ,
values of these parameters are examined in Sectlon 2.2. for various broad subject ..
areas and geographical regions.

\

N\,

- Thus for a particular programme structure the basic academic staff equation
can be derived from (k). Examples of this are as follows: .

oy
O
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15t Degree in the U.K. .

Normally this:would,embrace 2 years at fundamental level and 1 year at
advanced (i1.e. a total of 3 years).

Typical values would be:
Wl/W = 2 yl‘ = 2 W2/W =1 y2 =1

(A1l third higher level would be zero).
~Thus!

Syzk.lf}_l_f.sl 3 ) +k2ig+52 .pr]+k2pp .b2 , :

o " S

.Higher:(masters) degree in the U.K. by course:

22 =2 Yy = 1 P, = Ps (all others zero).

W 3 J '
= 2 1

Sy gk) __}_+82 . P |+k.p . b,

h & h 3 > P, D

. 1 )‘s_ _—B.J—._

1lst Diploma in a European University

Normally this would embrace 3 years at fundamental leVel and 2 years at
advanced (i.e. a total of 5 years). .

Typical valﬁes would be:

W1 =3 . ¥y =3 o he ® 2 ¥y = 2 (see third levsl zero)
sy = ¥y [3L + sy “p Ep Ryt s, 1 kepPe.be
hy by L M B Rl Y TR

Other variations are apparent but the above examples.serve to indicate the
flexibility of the generalized programne of study concept.

2.1.3: fncorporation‘of Inter-Departmental Service Teaching

- In general any programme of stundy will be serviced by a number of
departments although it will almost certuinly be attached to a particular
department for organizational purposes and will be 1n the general subject area of
that department.

Thus each department servicing a programme of study requires a pr0portionate
allocation of staff. This is achieved here by developing departmental academic )
staff . distribution factors for the generalized programme of study

HYe
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Staff are to be allocated to departments according to their contribution
to a particular programme. In order to assess this contribution, complete
programmes must be broken down, at each level, into subject elements. For each-
subJect element the following must be taken into account:

(1) e lecturing load and duration of the subjec+
(11) The seminar load and duration of the subject.

(111) The degree of common lecturing between different programmes of
study.
’ . .- \
(iv) Allowance for elective subjects within or across programmes of
study. , :

(v) The repetition of the lecturing content of subject elements for
 the specific course of study only (due to lecture groups being oo
large to utilize available accommodation or other reasons).

The subject element distribution factors represent lectures (seminars)
given in one subject, as a contribution to the total given in the programme.

)Consider‘the nth subject element at level of stpdy and let: -
W = number of weeks of duration of the subject elément
lnl = number of l;cture hours per week
Sy = number of seminar hours per week .
X = number of 'repetitions of lecture content
cnl. = number of different progranmes of study to which lecture content of the

subJect element is Jointly delivered.

Hence the subJect element distribution factors are:

Lectures: 5}11 - J_(_n_l_ wnl . lnl .

°n1 ZVm o lm (5)
Seminars:‘ynl = wn_1 . snl

Dot R (U (6)

Similarly for study levels 2 and 3:
. W.l ¢3n3 = X w.l
T w.li n2 LC s w.l|n3

¥y = [w.s _ oy = [w.s
n2 'zw.s] n2 n3 zw.s] n>

Bno =

ox

where all elective subject elements in a programme are included in the summation.

To evaluate the total‘contribﬁtion of a specific department, it is necessary
to sum the distribution factors for all the subjects given by this department
over the entire programme. fi‘j

wll Toxt Provided by ERIC

EKC - 53




If )

by one department then the departmental distribution factor is:~

Lectures: ), = I danl

Seminars. 7, = jl

P
Similarly for levels of study 2 and 3:

By = 2 J2 Bno z 3 Bn3

Bz

Yo ok I Yo

J
73 > 3 7n3

Then the total departmental academic staff contribution
of study is:

.o

LRI

to a programme

o ] r
sDzkl"Y_]_._jl_l_}_+vl'sl» - Py +k2.v:_2/32.ig +7, . s,
¥ 1 g - by V| " ! 8 - g
+k, - W 1.+ Y. s, . T+k .b. + k . b ’
3073 (503 3 ) 2 Pp 2 5 . Pp 3
w hy & . h 3 n2 hj_
s
2 2] s S eienn. (9)
NOTE. pP and‘pP migat need to be modified ia'proJects/theses are shared across
2 - 3 ' ‘
departments. In general they will be supervised by the department
organizing the particular programme of study.
. It will be observed from (h) and (9) that for a complete programme of
study:. ‘ '
zY =Z Yy =273 = 1
that is in the case of seminars, the sum of staff allocated in this manner

between contributing departments, equals the total required for
This is as logically expected.

However AT Z‘ﬁ and E Bj
of lectures within a programme (
across programmes (the influence of c¢). These latter will res
or decrease the value of ¥ from unity if they occur.

These equations are perhapa more easlly understood by re
following table 11 which illustrates a method of calculation of.
factors for the fundamental level of a programme of study (tabl

section 2. 3. also present a practical calculation with typical

The importance of allowing for servicing is demonstrated

the programme.

pectively increase

ference to the _
the distribution
es 4 and § of
values).

in section
ng up to 30%

4.3. of Chapter 4 which indicates average inter-faculty servici
and over 50% where faculties are largely professional (e.g. agriculture and
forestry).
O
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subject elements at level 1 in the programme of study are contributed

will only 'equal unity if there is no repetition
the influence of x) or no commoh lecturing
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2.1.4. Total De Departmental Academic Staff Reguirement and its
. Composition |

v The basic methodology for departmental staff determination via the
generalized programme of study concept has been elucldated in sections 2.1.1. and
2.1.2. From this general-equation (9), simplified expressions for different L
v teaching programmes which may not incorporate all types of teaching, can be - |
directly deduced.

(1) Short Courses.

Short coursés are defined as specialized programmes of s*udy of a .
concentrated form which are generally of durations varying from a few days to o~
' several weeks. Section L.3. of Chapter L glves some averaged data on such
_courses for various geographical regions. It will be noted that such courses
.average 9 working days duration, 50 students per course and a frequency of some
4O courses per year. In total they can account for up to about 10% of an academic
staff requirement. ' :

~Such courses are generally of post-first degree/diploma level but could
obviously be at any of the.levels of study defined in section 2.1.1. Their
academic staff requirement can be determired from the generalized equation (9)
as follows:
Let SS be departmental academic staff requirements for short courses.

Sg=fokg - w 1B .1 + v .s. Py

s s s h -
v 4 1 L (10)
where f - a concentration factor (a good value 1s 2.0).
ws - total weeks of short courses/yr. at the'appropriate level of study.
Py = average number of students per short course at the appropriate level
of study
Bé, Yy = the distribution factors for the department
and ks - ksl’ ksé’ ksj.

"

1oz, 1, 1

s/ss - sl/gsl R s?/8 SN sj/g , according to the appropriate level of
study. .
NOTE: Each short course could be treated exactly as a pfogramme activity,
utilizing equation (9), with the inclusion of the concentration factor f. However
they usually relate to one level of study (and this is 1nvar1ably level 3) and

therefore the simpler form of equation (lO| has been used.

(11) Full-time Student Research Supervision

This can be treated exactly as the projects/theses except that they will
be exclusively in the higher level of study catagory (level 3) and will require
a greater degree of academic staff supervision.

- Gz
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Thus for a total of p. full-time research students per year requiring
b hours/heek of staff supervis?on, the total academic staff requirement,

(111) Industrial visiting:

This is only applicable where sandwich or co-operative progrsmmes are
involved. In such courses the academic staff requirement for visiting students
in industrial and other esiablishments where the student is undergoing a
programme of study combining academic and professional industrial: training, must
be incorporated. Section 4.3. of Chapter i provides some data on such programmes.
It will be observed that their occurance is relatively rare but thax where formal
programmes are provided (and this is particularly relevant in the u. K.) they
. require an average of 45 hours/year of academic staff time.  Such ccommitments can
- amount to 0.03-0.1 staff per sandwich student and a 20% increase in staff for a
fully integrated programme. 8

A simple first epproximation of academic staff requirements er this
activity is presented here. This is similar to that for project/theses and
regearch supervision. The full 1mplications of such forms of study will only be
revealed by a comprehensive analysis. )

If p,. = Total number of students in industry etc. per year.
I

-

q = Effective number of academic staff hours/year per 1ndustr1al visit per
student. _ |
r = number of industrial visits;per student per year.

i Then academic staff requirement is.

where q = 12 as an average value derived from section L.3 of Chapter L4, and based
on 4 industrial visits per complete year.

NOTE: For a highly developed sandwich programme the following staff functions
are involved:

(a) Counselling students on industry.

(b) Placinéistudents in an appropriate industry.

(c) Ackual Qisitiné of students in industry. |

(d) Assessment of student performance in industry.

(e) Administration.

The value of g = 12 can be taken to encompass all of the academic staff

function in the above (in the absence of more accurate information). Tt does not,
of course, include administrative support.

6o
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There have now been developed expressions for all departmental
teaching activity. The total departmental staff requirement is the sum of the
requirements for different programmes - degree courses, short courses, research
student supervision and industrial visiting

Thus the total departmental academic staff requirement can be expres ed
in the following generalized form: .

Dy= 25 +ES+SR+SI .............. e e (13)

A
or using (9), (10), (ll), (12) then: 1 .
. : : - W h) ’ g h ¥, Ws L hl g, h
—v} P 3
p, +k W [ﬁ .1, +7; .8 ) +k p b
;g 3 :ﬂ > Ez 3 g) - ;2 2 P, 2
2 l_ %1 Fj s 73 h
+ky . D bozelie o w g .1 +7) s p| +k, .p. b
3 P ) 8 |"s — s . s 3 R . R
2 w hy 8g g h
h s
5
+ pI ‘ q : r
L (14)

It will be observed that although the concepts ‘leading to the development
‘of equation (14) are relatively simple the resulting equation is relatively complex.
When to this is added the further data analysis of section 4.3. of Chapter U, ‘
which indicates an average of 6-7 faculties per institution (each faculty of which
may contain 3-10 departments), the overall magnitude of the university academic
staff estimation problem immediately becomes apparent. This emphasizes the need
for simplicity not only in terms of the reduction of the analysis but also in terms
of gaining acceptance from the academic staffs themselves ,

Fortunately it is possible to reduce equation (14) in two ways:

(a) From the use of certain generalized data (or conceptualized) values
for some of the coefficients. "

(b) From application to a particular teaching function university
structure and using further data values appropriate to subject.
classification and geographical region. The way in which .this can
be done is illustrated in later sections ' '

The Composition of Departmental Academic Staff

! Ihe full-time equivalent departmental academic staff have now been

determined. However this is -only one side of the equation since full-time
equivalent academic stafif comprise, in general, a combination of "established"
full-time staff together with part-time contributions from persons external to
the university, university assistants and students.- This may be normally
sufficient to compute costs but it is important to determine the established full-
- time complement for academic staff distribution. Here are developed generalized
"expressions for determining this composition of staff.

Gd
EKC 58

wll Toxt Provided by ERIC




Part-time Equivalent Staff

It will be observed from section 4.3. below that part-time equivalent
is normally a small part of the total' full-time equivalent academic staff.
‘Nevertheless it is important to assess this approximately especially at
departmental level since it will influence the full-time academic staff establish-
ment (i.e. established university appointments).

Thus 1t can be assumed thatt:

where Sp = the permanent established full-time academic staff .

SN = the F.T.E. academic staff from student support teaching

by

S the F.T.E. academic staff from external support teaching

0
Values of SN and SO can Be‘determined approximately as follows:
SN = lN .
W e e (15b)

since most student teaching will be of the seminar type

and SO =-2 lo

where 1. and 1. are the total part-time teaching hours per annum from student
support teachers and external teachers respectively.

Clearly the above equations could be applied in a more detailed way for
various study levels, for seminars and lectures, ete, using the same methodology
being developed for the total academic staff assessment. - This will not usually -
be required but the application of th method will be self evident and hence will
not be taken further here. e\\\\\v '

However it will be clear from the above that once the F.T.E. staff has
been determined the-established and part-time contributions can then be evaluated
to any required level of refinement.

2.2, Initial Simplification of the Equations and Parametric Deta

Initial Simplification of the equations

‘ This réfers‘ mathematical simplification of the equations, together
with the substitution of\values that apply generally across the subject classif-
ications and geographical \regions.
’ AN

It is assumed thaﬁ\advanced level of study (level 2) parameters are an
arithmetic mean of the fundamental (level 1) and higher (level 3) study level
parameter values. A 1limited data testing analysis suggests that this is a
reasonable assumption. For some parameters this can be built into the data
reduction. This 1s. achieved as follows:

6o
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(1) Insertion of values for k. These. are, effectively, factors for
academic staff teaching loads at the various levels of study Thus
since h, and h_ are referred to at the fundamental level, K= 1
general}y . Afso a limited amount of data testing suggested a value
of k, = 1.5 (with k, = 1). This value leads to an overall student
weiggting of higher to first degree/diploma work of between 2.0
and 2.5, which is approximately the value quoted nationally and
internationally. Appendix Al gives an analysis which supports this

conclusion.
Thus k; = 1.0 k2 = 1.25 k3 = 1.50
. (1i) Insertion of values for b. These relate to academic staff
supervision of project/theses and student research. A brief analysis

of typical values is given in section 3, Chapter 4, where it is~
suggested that values of b are relatively uniform across subject
classifications and geographical regions although medicine appears to .
be between two and three times greater than for all other subjects.
Appropriate values for b are: .

L\
| b, = 0.5 by = 0.75 by = 1.20

(1i1) The assumption that advanced level parameters are an arithmetic meau
' of the fundamental and higher level- parameters is applied to tne
parameters 1 and s

hl g. h
et ].3 = u_ll S_j_ I S_l
. &5 & }
Then‘le - (l + u)-l ‘ 32 c 1+ ves .
2 1 — ( ) 71
&, 2 -

Use of all of the above simplifications in the basic programme of study
equation (k) leads to:

Sy = 4 [E+Ob25,(ll—u)w,+ 3y 3«2]+sl [E'Bl+o'62512_'?_2.
: .hl W W g, h W Y1 WY,
- (1 +v) + 1.5 W5 . Py v]
~ w
3
+1  |0.625 p +1.125p
h, -~ P Pzl e (16)

This is now in a form which provides considerable simplification when
applied to a specific programme of study structure. This 1is illustrated by
applying it to the same examples as in section 2.1.2. as follows:

u"First Degree in the U.K.

This incorporates 2 years at the fundamental level and 1 year at advanced

Lo
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Typical values areﬁ

w, w

_l : 2 yl :‘ . -2 . __2_ -t l y2 = l'
w W

together with the above parameter values, this ylields:

g
8, = ££ [%.625 + 0.625 u] +s) Eh'+ O.625 P, L+ v)] + 0.625 pp2
h 81 . hS hs

Higher (Masters) Des}ee in. the U.K., by Course

2 M3 = 1, Py = Py - (all others zero}.
. ) 3 . ,
\. C
. Sb = ii - u RS . Vo p3 + 1.125 p}
Y g . h . h
‘ 1 s s

~ First Diploma in a European University - e

This normally embraces 3 years at fundamental level and 2 years at
advanced. - .

z; v 3 y =3 fg = 2 ¥, = 2 (all higher level zero).
/ W w ©
"8 al
b 1 b +ul+s p. + 0.625 p,. (1 + v) + 0.625 p
R 2 v . 1 1 2
: h —_— 2
1 - B - hs

By

- The evaluation of the specific instances sited above depends on a
rnowledge of the parameters 1/h., s/g.h g W Vs and hs for any given student
- enrolment in a programme of stuéy Ihese parameters will in general vary with
subjJect area and geographical region.

It will be obvious from the above that a similar simplification
procedure can be adopted for the departmental contributions expressed by equation
(14). However to avoid confusion from repetition of generalized equations atten-

"tion will now be directed to the application of the methodology to a particular
geographical region. Before this, 'it is necessary to present the results of a
data analysis for the values of the controlling parameters in the equations and
this follows in the next section.

. Parametric Data

The data collected from reference 1 has been reduced to provide values
of l/hl, s/g.hs, hg, u and v in terms of broad subject classification and
geographical region.

Some details of this are given in section 3. of Chapter 4 and the
results are presented here in a form for immediate application to the derived
equations. Basically they present standard values of the parameters for six broad
subject classifications together with geographical region weighting factors for
four regions. The data is presented in tables 12 and 13 below.

' - 6 €
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Table 12. Parametric Data flor Subject Classification

; 3

Subject classification l1/hl . sl/gl.hs .u S v hs*
|Pure Science 1.18 0.0525 0.636 2.100
Technology/Applied Science 1.44 0.0513 0.778 1.780
fMfedical Science 1.78 0.0602 0.669 1.292
Humanities and Art ) 1.13 0.0281 | 0.752 1.887
Fducation 0.96 0.0283 ’0.760 1.629
Social Science/Law 1.56 0.0250 0.744 1.652

All Subjects 1.32 0.0423 0.747 1.491 11.58

* Only the overall value is quoted here as this is recommended for use with the
project/thesis/research supervision terms of the equations.

Table 13. (eographical Reglon Weighting Factors.

) Factor Applied (1 ., S u \ v h
\..TO\"‘—" l/hl ]./gl . hS N s
Region ~——
\\\
North America 0.84 0.86 0.82 1.1k 1.08
United Kingdom 0.69 1.50 - | 1.19 1.21 1.00
Furope: EEC and Scandinavia | 0.91 0.79 1.15 0.99 " 0.98
Furope:  Others ’ 1.79 1.26 0.99 0.80 0.77

Example of use: Th= value of v in Humanities for Europe (others) is 1.887 0.80 =
.51, .

i
M

This table may be used to select appropriate data for substitution in the
academic staff equations. It is particularly useful for -comparative purposes.
The similarity of some of the parameters suggests that further simplications might
be made with a small loss in .accuracy (e.g. grouping Science and Technology‘on'the
one hand and Humaniiies, Fducation and Sccial Science on the other). This however
nas not been tested. '
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*2.3. Application of the Methodology to a Typical U.K. University

4
A

~ General ’

The previous sections provide the methodology and dath to enable specific
universities to develop specific and considerably simplified|equations for academic
staff estimation.. The procedure involves the 1 ‘e of the bagic programme of study
equation to develop equations for most types of particular programmes describing
the full departmental teaching function. It is then necessary to substitute
appropriate parametric data into these equations and to determine appropriate -

- departmental subject element distribution factors for each tyﬁe of programme in
order to allow for inter-departmental service teaching. This then permits
caleculation of the total departmental staff requirement for a given student
complement.

3wy e

The method is illustrated here for a typical U.K. university and an o
associated technological department. Reduced examples 1lilustrate the process
in all of its essential elements.

Simplified equations for a general U.K. university department

Following the method of ‘section 2.1.3.:

(1) First Degree Programmes.

Using equation (9) simplified above:

DA12 - il. 2p, + 0.625 8, (1 +u)| + s ¥, - Py * 0.625 Y, (1 +v) P,
B & - Py
+0.625 . p
Po
—
s

i

(11) Masters (higher) degree programmes

with previous simplification and equation (9),

DA = 53 . il . u o+ 73 - 8 A p} + 1.125 pp
5 h g h ‘ 2
: 1 1" s hs

(111) Short courses

Tt is assumed that ill short courses are of graduate level (i.e. higher
level of study 3) and that a concentration factor (ks) of 2.0 is
appropriate. :

Then using equations (10) and (9) and w = 30:

S

s = sl T B © * Pg | , -7
o &s - By




(1v) HResearch Supervision

Using (12):

1.6 - Py % "

h '\’

=

(v) Industrial Visiting

Using (13) and w = 30

O.4b r . Py

- H
"

r
h
s

The summation of the requirements for these functions of the departmental
academic staff yeilds the academic staff complement required by the department.

Algebralcally:
| - . .625 ¥ ¥
Dy = 2}}‘!‘231 + 0.625 32 (1 +U)] + 5 ['YJ_ pl+0625 5 (1 +v) D2]
hl, “ ' S = & '.nS ‘
\,
+ 0.625 . Pp , : f Lp
_2 v -
hs First degree programmeé
+ 35 F%z 1. . u+ 7Y,.s_ - v.p, + 1.125 p
- J 1 > / _Pé
_—— g - B "R .
: ‘ / s Masters degree programmes
" / ,
¥ [ ’ .
| W Bé . il S U+ Vg fl v . ?s] + 1.8 Eﬁ + 0.4 ripy
- hl gs . hs / _ hs hs ,
Stiort courses pa Research Industrial

supervision supervision

Appliication to &« Speeific Tedhnology Depa#;ment

/

Using tables 12 and 13 from sectiqn 2.2. the following data is appropriate
to a technology depaytment in a U.K. university

Lol 1. . 0.6 = 0.99%

h) '
81 - 0.0513 . 1.h - 0.0719
gl . hs

u - 0,778 . 1.19 = 0.927

v = 1.760 . 1.21 = 2.17

6b
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h, = 11.58 J1.00 - 11.58

and subsitituting these values in the general equation for academic staff yields:

D, =3 [}.998 By +1.19% B, +0.0719 . Yepy + 0.1423 ¥, p, + 0.0542 p

A p2

| SO

First degree programmes

+3 | 0.921 By 4 0256 Typy + 0.0k ] L
. 3
Masters degree programmes

+W8

0.0921038 + 0.0156 WS . pS] + 0.1555 PR + 0.0336 r.pp

Short courses Research Industrial
supervision supervision

Thus with student numbers defined and the distribution factors B and Y
determined by the methods of section 2.1.3., the full-time equivalent academic
staff requirement for this specific technology department can be estimated.

Example calculation for the U.K. technology department

It will be assumed that the U.K. technology department has the following
teaching functions (which are deliberately simplified).

(a) The departments own first degree programme.(sandﬁich type).
(b) Servicing to one other departments! first degree programme.
(c) The departments' own masters degrée programme.

(d) A series of short courses run wholly by the department.

(e) Higher degree research students,

(£) Industrial visiting for the departments' own first degree programme.

. Then the calculation of the total academic staff requlirement proceeds as
follows: . ‘ .

Own First Degree Programme.

The following 1nitial data 1s assumed:

Fundamental level: P, 93 students total

(50 first year and 43 second year).

" 42 students total.

Advanced level: - 92

(42 final year).

|

pPé 38 students

(whose projects are supervised by departmental staff).

™
(i

~




Then it is first necessary to calculate the distribution/factors for the
complete programme of study according to the methods outlined section 2.1.3.
This is effected in the following tables 14 and 15 for the fuypdamental and
advanced levels respectively.

Before proceeding to the calculations it is useful/éo comment on the
results of tables l4 and 15. These are: A

/

. /

— -- (1) The overall value of  for the fundamental//;rt of the programme
(table 14) 1s considerably less than unity because.common lecturing
provides a greater welghting than the repetition of lectures (see
columns "x" and “c"). 7

Conversely for the advanced part the value of g8 1s greater than unity.

(11) 'The overall value of v is unity for both parts of the programme (as it
should be). )

{i1i) The department's own contribution, shown in the subject distribution
factors 3, and ¥ 1’ is relatively small at the fundamental level, and
considera%ly greater at the advanced level. e

(iv) The summations for B and v, excluding §, and present the
distribution factor crediting leggpé?tmenpg_gepvicing the programme.
Hence of the total staff required for the programme at fundamental level,
the mathematics department is credited with 6.58/.6339 per cent of
them for lectures, and 13-52% for classes. .

(v) It will be noted that no allowance is made for project[thesis work as
this 1s accounted for separately.

(vi) All elective subjects are included - this 1is especially significant
in the advanced part of the programme.

Thus the department's own academic staff requirehents to provide its
unide=ryraduate degree course, can be calculated via tables 14 and 15, from

vraation 9. : o \

B, = 0.366k 62 = 0.833L

¥y o= 05045 - Y, = 0.7916 |

- € - | : -

Py = Y3 p, = k2 Pp, = 23
Poy first degree programme:
: Sy 1l . . : . Y ) Y .
DA‘J _z)[l ¥ ele} ﬁl + 1.194 dz + 0.0719 1P + 0.1423 2 P, + 0.0542 pP2 ]

- ;.958. 0.3684 + 1.194k. 0.8334 + 0.0719. 0.5045. 93 + 0.1423. 0.7916. 42
+ 0.0542, 38
~ 11.891

i1.2. 11.891 full-time equivalent academic staff are required by the technology
department to teach i1ts own undergraduate programme in aeronautical engineering.

i~
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Servicing to other departments' programme.

, Here it will be assumed that servicing is to the advanced level of another
" technological programme and for which:

?. .
By = 0.105 Y, = 0.087 p, = 60 pp = b

(also: Bl = 7 = 0)

» Thergeneral simplified equation is again utilized:

=)
"

1.19% . 0.105 + 0.1423. 0.087. 60 + 0.0542. 4
= 1.085

i.e. 1.085 F.T.E. academic staff are required by this technology department to
service the outside technological programme.

Own masters degree program"

To avoid unnesessary complication full distribution factor tables simillar
to tables 1k and 15 will not be reproduced here. Thus it will be assumed that:

/ B

= . Y, = .
3 = 0.700 3 = 0.750

Master!'s degree requirements for academic staff are:

P = 20 P = 15

=)
]

z [0.921. 53 + 0.156 Y5 o Pyt 0-0971f pp)]

0.921. 0.700 + 0.156. 0.750. 20 + 0.0974. 15
b.446

The master's degree programme in teohnology necessitates the technology
department having 4.446 full-time equivalent academic staff.

Short course programmes

Here it is assumed that 12 weeks (total) of short courses are given

entirely by the departmental staff with an average of 18 students per course i.e.

Ws = 12 ﬁs = ‘Ys = 1 Ps = 18-

he relevant calculation is:

Sg

Wg [é.O?El.ﬁs + 0.0156 YS. PS]

2 [0.0921 + 0.0156.18]
LT3 ‘

The transport department's short courses reduire L.475 full-time equivalent
academic staff to teach them alone.

8]

Research supervision

~

It is assumed that there are 15 full-time research sfﬁgonts requiring
-nnervision. i.e. pR - 15,

ERIC gt
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The relevant calculation from equation (37) is:

0.1555 by

=
]

0.1555 . 15

A

2.333

Research student supervision requifes 2.333 full-time equivalent academic staff
-~ within the technology department. ' o

Industrial visiting etc.

Since the first degree programme is of the sandwich type it is assumed that
all students are in industry for 1 year between the fundemental and advanced
level studies. It is also assumed that each student is visited twice during
this annual period i.e.:

py = 43 ras 2
The relevant calculatlion is:

S

1 0.033% : r. Py

0.0336. 2. 43
2.890

The total academic staff requirement, in full-time equivalents, for this
technology department is summarized in the following table 16:

t

Table 16. Total F.T.E. Academic Staff Requirement

- iTanSport Department: Example.

Own lst | Servicing | Own Short Research | Indust.
Item Degree other 1lst | Masters Courses | Super- Visiting | Total
Prog. Degree Degree vision Ete.
‘ - Prog. Prog.
Academic
Staff ‘
‘Requir. I. 11.891 1.085 L LL6 L W75 2.333 2.890 . 27.120°
ot |
Total 43.8 L.o 16.4 16.5 8.6 _ 10.7 100.0

3. Estimation of Departmental Technical Support Staff

. L . '

The estimation of departmental supporting staff is important in that it
contributes significantly to the total recurrent costs of a department particularly
in the science and technology areas where considerable laboratory and other support
space 15 involved. - However 1t is equally important to academic staff if they are
to perform their duties effectively and efficiently. The latter applies whether
the supporting staff is large or small in relation to the total academlc staff.

7o
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For example the arts, social sciences and humanities require adequate suppmrt
even though this will not be on the scale of that required for, say, engineering.

This section, therefore, presents a simplified method of estimating such
supporting staff for departments. This staff refers not only to technician staff
usually associated with sclence and technology but also to assisting staff for
any academic purpose (but excluding administrative staff).

The method supposes that supporting staff is a function of departmental
support area and of the total departmental academic staff support area in this
context includes working space of all kinds, necessary to the adequate functioning
of the department. A lairge portion of this may be laboratories. However arts,’
social science, etc. departments also need such space although it will be small
generally compared with laboratory-based science and technology The data
analysis (reference 4) shows this to be so.

The method proceeds initially to test the basic suppositions in terms of
support area using the full data from reference 1 and then proceeds to develop
an expression for support area in terms of academic staff. The final result
therefore is presented as a function of academic staff which can be calculated
from section 2 and of data derived constants.

The data suggests that departmental supporting staff is much less sensitive
to geographical regional variations than to broad subject classification so that
the data constants are presented in terms of variation of the latter only.

It will be observed that a by-product of the method is an analysis which,
facilitates the calculation of departmental support area in terms of departmental
academic staff.

3.1.'Basic Methodology

. A preliminary study of the full data of reference 1 suggested that the
“‘dep\rtmental supporting staff was largely dependent-on departmental support area
arnd total academic staff. It further suggested that the data could be grouped
into the following broad subject classifications- N

Group 1 ‘Pure Science

Group 2 Applied Science ano Technology

Group 3* Arts/Social Science/Law/Mathematics/Education
Group L Medical Sciences

*° That mathematics is included in Group 3 and that geographical regional
variations were relatively small.

~Appendix A2 of this chapter tests these observations. The results show &

_ reasonably good linearity between support area and supporting staff for each group.
The proportionality is less good between total academic staff and supporting staff.
This was subsequently shown to be the minor influence and averaged constant
proportionalities were assumed for each group.

Thus Ay = 3, from the graphs of Appendix A2 ......iui0uun 7
ﬁ" ‘ .
: \ I
: ; .
N / : .
|
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where A, = departmental support area (m2)

NT = total departmental support staff (excluding administrative)
also Np = 4y L e, (18)
ST
where ST = total departmental academic staff.
“Thus if: N, = d, . A_ +d. .S

then Appendix A2 derives values of d, and d from d_ and dh (using group 3 data as

a base as follows: 3
Np = d) Ay +0.07 Sp e ... (20)
Table 17 presents the values of dl’ d2, d3 and dh'

Table 17. Values of Proportions d

L dy, dg, 4.

Subject Classifications ‘ ’ d 4, | dy |4
roup 1. Pure Science 0.00855 | - 105 | 0.68
Group 2. Applied Science and Technology 0.00647 \ - | 139 0.69
Group 3.«Arts/Social Science/Law/Maths/Education 0.004kk | - 77 | 0.106
- Proup 4. Medical Sciences o 0.00892 | - | 99 | 0.60
\‘ » Averége 0.07

Thus for a given "support" area and academic staff, the departmental
supporting staff can be calculated for any subject classification group.

However departmental "support" area is itself related to academic staff.
If this relationship can be specified, supporting technical staff can be calculated
directly from academic staff.

. The estimation of departmental "support" ("laboratory") area.

The method for the determination of departmental supportarea distribution
factors in terms of academic staff, drawn from reference.2, is as follows:

E

let: SH = total departmental academic staff required for higher degree/diploma
research and other higher level of study work. (This can be
determined from section 2).

&, = support area per first degree/diploma student (@2)
w = ratio of higher degree/diploma support area per student to a
0 = factor to allow for different types of support work.

o
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s, = overall university student/staff ratio (calculated using section 2
of this chapter by departmental aggregation).

Then the "effective" nuﬁber of staff in a department is:

!

For first degree/diploma = S (DA - SH)

s .S

For higher degree/diploma u H

Hence A, = © [su(DA - SH) agp + s - DA.' W . aF]

or Ay = 8, elaF (Dy = Sp) +oSy e, (21)

Values a -and w are data derived in Appendix A2 and equation (21) can be
rewritten as: ;o

Ay = s, T 61 (D -8y v Sy e (22)

where [ = @Ap , and is the "effective" value of O, which varies according to
subjJect area of the department, conditioned by the group factor AQ' '

3.2. Departmental Support Staff Estimation.

If we substitute equation (22), expressing total support area in terms of
academic staff, into equation (20). o

Dy = d; s, T .6.1 [(DA - 8y) + u>SH:] + 0.07 D, )

Thus s, D, and S, can be determined from section 2 and the values of d,
and w.are given in tables 7 and 8 respectively.™ It remains to determine
suitable values of . Appendix A2 gives a method for determining this from the
data of reference 1. However the results are somewhat varied for individual
departments due, probably, to the unreliability of the data at this level of
disaggregation. Nevertheless they are of the right order of magnitude and some
values compare well with those used in a U.K. university (see Appendix A2).

A In the absence of more reliable data the following broad subject classifi-
cation values for I' may be used as a guide (table 18):

Table 18. Data-Derived Values of w and I

Subject Group SubJject w T
Group 1 Pure Sciences 2.26. 0.72
Group 2 Technology ' 2.18 1.04
Architecture 0.30
: ~Agriculture : 0.95
Group 3 _ Fine Arts 2.80 0.05
- Social Science 0.15
Law 0.01
Humanities 0.03 \
Education 0.14 v
Group 4 Medical Sciences 2.26 1.20 e
/ T




It should perhaps be added that very little published information exists
for the determination of "support" area coefficients for specific subjects as .
typified by I' and that this is a field requiring research.

3.3, Example Applied to the Typical Technology Department in the U.K.

Kingdem, detalleq in section 2.3:
Total departmental academic staff Dh = af.12
Total eramﬁmentﬁl academic staff required far all higher 1eveliwork:
Sy = WAN6 4 W75 +2.333 = 11.254
From table 17! ’
dy - 000847 for group 2.

From table 8:

Based on the previocus example of the technoiogy department in the United

)

wz 2,18 far group 2.
r - 1.04 fomr teelmologx.

Since the calculation I sectian 2.3. did not proceed to the aggregate
university situation it is necagsary to assume a typical value for the overall
staff/student ratio (s ). Thus foxa typical U.K. university:

8 = 99

u

Then from equation (22}):

]

9.5 . 1.0k . 6.1 [‘27.12 - 11.25) + 2.18. 11.25]

"support" area Ay

2435 e

and from {20}:

Dy < 0.00647 . 2435 + 0.07 . 27.12 = 17.65

"Support" area {including laboratories) for this department is 2435 me, and
17.65 full-time equivalent technical support staff are renquired.

4. Estimation of Departmental Administrative Staff

4.1, Baaic Methodologz

Since the method of caleulation of departmental academic staff (section 2)
and of supporting staff, other than administrative staff, (section 3) effectively
defines the academic function and type of the department it is logical to :
postulate that the number of departmental administrative staff is a function of
the total departmental academic and supporting staff. Furthermore it is a
reasonable assumption that administrative servicing would relate to the degree
of responsibility of such other staff. These are the bases of the simple
analysis that follows.

S
Q U,

T4




/ Let S. = total full-time academic staff in a department

w)
u

total full-time administrative staff in a department

total full-time supporting staff (technicians, assistants,
demonstrators, etc.) in .a department but excluding administrative
staff. ‘

)
1t

Assuming that academic staff can be classified into three broad gradings;‘

3

1. Professoral: x factor of academic staff (D,) at grade 1. S

1
2. Senior: ' X, = factor of academic staff (DA) at grade 2. |
3. Junior: Xz = factor of academic staff (DA) at grade 3.
where Xy + x2 + xj S 1

Then the prOportibnate administrative staff Support can be expressed as:

, administrative staff per grade 1 academic

5 administratiﬁe staff per grade 2 academi

3

T
and will be ordered in decreasing values of
» ]

Thus the total departmental administrative staff required is:

b= (peXxp+ 5eX v 5.x) D+ Dy (23a)
This can be written as: |
Dp = - Byt g T R (23b)
or ?2= n + T ES_
Dy e e aiann (23c)
where 1n = 1% + ot ;2 + 5 - xz.

These data cover 323 individual items and the values of table 9 are plotted
in graph 1. This plot shows that there is little evidence of subject dependency
except that the humanities/arts/social science type subjects bunch towards ‘the
DD/D’ ordinate since the supporting staff is small in these areas. It also

A , 3
shows a good degree of linearity and hence Justifies the assumptions of equation

(23).-
A good expression from the straight line of graph 1 is:

D, = 0.178 D, + 0.085 /DS,

{




S

Equation/(2}) can be tested .-hsing computerized departmental data from
reference 1 and the results are summarized in table 19:

A

a
s

Table 19. Proportions of Administrative and Technical Staff to

N
"~ Acedemic Staf{ by Department

. D D . D D
Department* D/ I\)A S/ DA Department* D/ DA s/ DA
Pure Sciences : RAgriculture : ,
‘ ' ; '
O4. Blology 0.245| 0.885 |h1/43. Agric. -and —Fbrefstry 0.264 | 0.895
06. Chemistry 0.195| 0.694 Jhkk. Vet. Medicine 0.302 | 1.360
8. Geology 0.269| 0.472 | umant ties
0. Maths 0.229| 0.387 oy
3. Physics 0.220| 0.410 [02- History . 0.162 ;ﬁ'qus
” 53. Languages 0:,1.6‘2' 0.052
Architecture |56. Pnilosophy /,««/"6.129 0.04b
19. Architecture 0.204| 0.204 |58. Theology 0.186 | 0.020
Techﬁology - , Fine Arts//"" )
7 n . > l"t
20. Eng. Science 0.252| 0.824 |61/6k. A1l kinds: 0-190 | 0.061'}
P1. Const. and Civil Eng. |0.208| 0.332 [0 — Ts | |
5. Ind. and Prod. Eng. 0.185| 0.717 , 1 |
b6. Elect. Eng. 0.237| 0.546 65. Fiucation Q.2lh 0.037
P7. Mechanical Eng. 0.204 | 0.554 [Law (
_28. Chem. ’E'lg. 0.205| 0.653 [~ \ 0.226 | 0.071
Medical Sciences Social Sciences |
PL. Dentistry 0.286] 0.606 ;) - piciness & Committee | 0.253 | 0.098
p2. Medicine . {01901 0-513 boo | Economtcs 0.179 | 0.040 |
34. Pharmacy 0.167| 0.679 73. Geography 0.168 | 0.198
78.-Sociology - 0.228 | 0.0%9
7
Overall Average 0.2%3 0.411 1 \
) / .

* The number reference refers to the computer ch:ing.

8 ’
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which indicates a bias towards academic staff for administrative support, as
would be anticipated. Administrative staff numbers are now rapidly determinable
from acuiemic and technical support staff.

It should be noted that once equation (23) has been evaluated departmentally
it can be summed to give the total university departmental administrative staff and
this together with the 1nformation of section 4.3. of Chapter 4 can then provide an
approximate assessment of additional central administration staff required. (It
is about 40-50% of the university total).

4.2. Application of the Method to the U.K. Universities

Although it is possible to apply the simplified equations directly, to
provide a more accurate figure for administrative staff of particular departments,
it is necessary to investigate the relationships between administrative staff and
various grades of academic staff applicable to those departments. Once deter-
mined, such values can be used in equation (23) for any glven composition of
academic staff (any values of Xy 5 X, and xj)

For the U.K. the following approximate valueé of x are generally admitted
by the University Grants Committee.

Professors: X, = 0.125
Readers, Senior Lecturers: x2 = 2.225
Lecturers: X5 = 0.650

{(Research fellows funded by the university would normally be included in an
appropriate catagory)

As an initial assumption for the values of , let )

X P Xy x3 = 1 :+ 1 i 1
1 2 3

(which may be regarded as a "responsibility" equation.

ien: = _ 1
xl + x2 + x3 (I . l . l etc.

1 2 3 \

but xl + xa + x3 = 1.
1= - 1 +1 +1 - = A

let o = (L +1 ) 2 2 X3 3 .. (57)
. 1 2 3
Thus 1 = /3

using the values from the initial simplification, then:

1= 0.0593 and = 0.085

1= 0.0475 N = 0.264 "

2




These represent 2.11 Grade 1 academic staff to 1 administrative staff
3.79 Grade 2 academic staff to 1 administrative staff
10.90 Grade 3 academic staff to 1 administrative staff

ll.80_support staff to 1 administrative staff, and provide
reasonable guide values. Thus, using these, equation (23) becomes:

Dy = (0.475 x, + 0.264 x, * 0.092 xj) D, + 0.085 Dg

for any academic and supporting staff composition.

Example calculation applied to a typical U.X. technology department

_ From UGC data: x, = 0.125, x. = 0.225, x 0.650

1 2~ 3=
From table 6 of section 2.3: S = 27.12
o From section 3.3: Dy = 17.65 ‘ :
Thus Dy = (0.475 . 0.125 + 0.264 . 0.225 + 0.092 . 0.650) 27.12 + 0.085 . 17.65 !
or = 6.33 |

i.e. the technology department described above requires 6.33 full-time departmental
administrative staff. ’

Appendix Al

Weighting of Fundamental to Advanced Levels of Students in Relation to

.the Value of k3 : iy

A short analysis relating to U.K. universities was undertaken to investigate
the §uitability'of a value of k3 = 1.5 in the academic staff equation of section 2.2.

Using the geographical region weighting factors of table 13 section 2.2. for
U.K. universities and the simplified first and higher degree equations of the same
section, with

P = b I =P and

P .2 P
P 5 7 ‘
Pl = ;l.lh P2 + 1.03 P2 = 2.17 P2

(i.e. 14% and 3% wastage in the lst and second years respectively).

Then:
.
S0 = il (1.81 + 0.513 u) + B, s; (3.91 + 1.06 v) + 0.0542
hl gl hs
S N Al.1
where G = 1. (1.81 + 0.513 u)




H =z s (3.91 + 1.06 v) + 0,0542
gl hs
A 3 - . “ . .
and g3 = 0.82 _1}_ u'+ P3 (1.70 s, v + 0.0974)
hl Sl hs
= B R P Al.2

where g, = 0.82 1, - u \

=2
11}
[
N
o
1/}

o 1. . 8 v+ 9.097h

These represent academic staff requirements for complete programmes of
study at first and higher degree level respectively and include the value of
k, = 1.5.

3.
Thus: Equation Al.l relates to 3.17 . P2 students

Equation Al.2 relates to P3 students

Then the first degree student: staff ratio, using equation Al.l is:

Su10 = 3.17 P2 = 3.17 o
GO +H P ( EQ+HO .’/‘/

0. 2

and the higher degree ratio using equation Al.2;is:

Suz = 13 .1

~ i
‘ . c
80+h0 P3 (;yho) ) !:
,, 73 e e Al.L

Now if § = the higher/first degree student weighting factor, then for equivalence:
§ = 8,1, and using equations Al.3 and Al.lL,
su3
- 317 [ i
-6 = 3.17 EQ +h }
P
e 2 ‘
G \
52 * Ho; ..................................... Al.5 ‘
2 B |
‘ |
This can be investigated for a range of values but provided P and P_ are |

not very small the variation in is not very great. Thus it will be invéstigated
for the following assumptions: =~

éit)




For average annual intakes of

P, = 50 Py = 20
then § = 5.17,[%.05 g, +,ho]
0.02 Go + Ho ................................. Al.6
and when P2 and P5 are very large (i.e. go and Go are small compared with ho and
P5 P2
H respectively) then:
61 -
N - 5-1( hO
. — ,
‘ 4 Ho ........................................... Al.7

Thus using equations Al.l, Al.2, Al.6, and Al.7 together with the
parametric data from table 12 of section 2.2. the following values of § are
obtained: - "

Table 20. Weighting of Fundamental /Advanced Level Students

. .
Subject s G H g h | 1
_ Klassifization ° - ° ° ° ’ ’
Pure Science | 2.53 | 0.376 0.615 | , 0.285 2.3k 2.40
Pechnology -~ L~ = 3.18 0.351 0.920 0.252 2.28 2.28
Med. Science 3.83 0.372 0.977 0.230 1.97 1-.96
{Hum. /Arts 2.49 0.220 0.696 0.187 2.49 2.69
Fducation - 2.12 0.214 0.598 0.176 2.55 2.60
Soc. Sc./Law 3,42 0.196 0.951 '0.168 2.57 2.72
ALl 2.89 0.287 0.808 0.205 2.28 2.27
. . | - ! .

It will be observed that the values of é are reasonably consistent and glve
values, between 2.0 and 2.7 with an overall of 2.28. These are in good agreement
with the order of values usually quoted for higher/first degree student welghtings
and hence are some justification for the staff teaching load factor assumption
of k, = 1l.5.- :

)
Appendix A2

Analysis'of Relationships between Departmental Academic Staff, Support
Area, and Supporting Staff.

A2.1. Relationship of total academic staff to supporting staff

From the data source of reference 1, for faculty and departmental level, the
following proportionality values were obtained for four broad subject groups.

ERIC o
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Table 21. Ratio: Supporting Staff/Academic Staff D s 4,

S L
Dy
Group 1 Group 2 ’ Group 3 Group L
Science Technology Arts/Social Sciences Medical Sciences
0.97 0.33 B 0.135 0.75
0.73 0.78 0.103 0.52
0.50 0.56 0.055 - 0.83
0.42 0.71 | 0.059 - 0.70
0.75 0.56 - 0.122 0.77
0.34 0.66 ‘ 0.136 0.31
0.41 1.16 0.042 1.00
0.k2’ 0.48 | 0.093 L 0.36
0.65 0.37 o 0.250 \  0.48
11.19 0.79 - _ 0.290 : 0.42
1.28 1.48 " 0.046 - 0.5
0.52 ' 0.68 © 0.166
1.06 , 0.030 .
O.u; 0.016
' 0.72 0.040
0.66
0.28
Average Average ~ Average Average
0.68 0.69 | ' 0.106 0.60

A2.2. Relationship of Departmental Support Area to Support Staff

Values of support area A, are plotted against support staff N_, for féur
broad subject groupings in grapiis 2-5. These indicate good linearity eSpecially
at the lower end of the range, which is the most usual circumstance. Since
the values plotted represent over 70 1tems of data from about 12 different
countries it will be apparent that geographical regional variation is not a
very significant factor. Thus from the slopes of the graphs:

A = d 105 for group 1

b
5 3
S

139 for group 2

77 for group 3

99 for group 4 ...iiiiiiiiiiiiiiennns Ceearens (table 17)




A2.3. Relationship between Academic Staff, Laboratory Area and Suppgrtigg
Staff. »

From equation (40) of section 3.2:

\w}
1"
Q.

oAy Ay e Dy e (19)

also: A_ = d

>U ‘ UJU

Thus for (19) to be satisfied:

dl =

Qal o}
AC A V]
Q.

1
dy

Hence if d. can be determined then d, can be calculated. A survey of the
data from referencé 1 provided a quantity of information on supporting staff and
academic staff where the support area was zero (or very small). Since the d
term will be small in equation (19) where support area is the dominating factot,
this specific data was used in aggregated form to determine d. (i.e. 1t being
assumed that geographical regional variation could be neglectéd).

Aggregated value of Dg (Ab = 0) = 2.823
Dy

A ' Total number of observations = 40

Average value of D, = d, = 2;822 = 0.07
O .

s = T2
Dy
= Ihué equation A2.1 becomes: : .
“c ke
% 5 2 A . A2.2
and usihg the group values of d3 and dk a56Ve then:
dl = 0.00855 for Group 1
= 0.00647 for Group 2
= 0.0044Y for Group 3
= 0.00892 for Group 4 '
where: Dg = di'Ab 00T Dy s e (19)

A2.4. Values of Support Area per Student
.y 3 .
))! .

This data is derived from reference 1 in terms of support area per first
degree/diploma student ag and the ratio of higher degree/diploma support area to
this ag, (w). '

3
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The values are presented in the following tables, catagorized by the four
subJect groupings used above. :

Table 22. ‘Values of Suppurt Area per Student

Group 1 GrOup 2 | uroup 3 Group 4 :
Science Technology Arts/Social Science Medical Sciences
la ) a B a
Pr ag F Fo
2 @ 2 @ 2 @ 2 @
m m m m
4.5 2.08 4.5 2.08 k.5 2.08 .5 2.08
b5 2.08 4.5 2.08 2.3 1.00 9.0 1.89
4.6 2.40 k.5 '2.Q8 6.0 5.84 15.0 1.24
3.4 2.71 5.1 2.18 6.0 5.84 10.0 2.50
3.7 2.00 . 4.5 2.08 4.0 1.50 8.0 3.13
8.0 - 2.50 6.5 2.15 4.0 . 1.50 20.0 1.0”
.6 1.8k 4.5 2.08 8.0 | 1.88 3.0 1.10
/.2 2.40 8.0 2.50 k.o 1.50 6.0 2.50
ah 2.34 8.3 1.87 5.0 3.00 5.0 4.00
5.9 | 2.24 k.o k.25 7.0 3.86 - 5.0 3.20
6.6 2.0k 5.0 2.26
10.0 3.20 ,
12.0 1.67
3.0 2.18
. Averages . AQerage_s " . Aver‘ages Averages
.8 2.26 6.1 2.18 5.1 2.80 1| 8.2 2.26
Averages for all groups: a, = 6.1 me w= 2.36
“av '
If: = . - B T l... A2.3
AL g | A2 a’Fav A2 |
i Then A2 = 0.79 for Group 1

41

1.00 for Group 2

0.84 for Group 3

1.34 for Group 4

- / 3
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A2.5. Method of Determining "Support" Area type Factor or

. T™is method has been derived from section 3 analysis but using data
available from reference 1. This is approximate only and the analysis of section
3 would be better tested with new data in a Specific study for the determination
of @ or I'.

If T. - Total average scheduled staff hours given for first degrees/
-P
diplomas (lecture plus seminar)

Total average scheduled staff hours. glven for higher degrees/
diplomas (lecture plus seminar plus research supervision).

Ty

Then using notation of section 2| and section 332

- H - _Lﬂ ¢ '_s- - k3 . '_I{_ € (SG.Y) ttottlotnoo‘ ooooo Ae.u
Sy g Tr Ty
Then = € ..S
H T re)  Loomreeedore R R R IR ceees A2.5

~Using this in the equation of sect\on 3.2. then:

T = e . A 2 - (NT/ST - O‘Oo?)

i } . - '
4 e 2.36 € + 1} > 4
e+ 11 Ceeisaees A2.6

Since ail of the values in this expression are given at departmental
level (except & which is for the unlversity \as gﬁwhole) then I' can be determined.

A first evaluation of this is given ih the following table for 10 broad
subject classifications and for individual sibject departments.

Table 23. Values of I' by 10 Subject Fields.

/

Subject \ r
Fleld R
Pure Sciences . \ 0.91
Architecture 0.33
Technology 1.04
Medical Sciences 0.50.
Agriculture 0.95
Humanities 0.03
Fine Arts i 0.06
Education . 0.17
Law 0.01
/| Social Sciences 0.15
J

These values aﬁe clearly'of the right order but there are a number of
obviously wrong values. This is due to data 1ﬁconsistencies and a further
analysis may yield better values.

9%
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For comparison the following values of I' used by a particular U.X.
university are given with appropriate similar usubject valves quoted from the above
analysis. , ; ) .

© Table 24. Comparison of.berived Values of I' .

Subject Area r (U.K.) r (Analyéis)

Aeronautical Eng.
Chem. Eng.
Chemistry
Civil Eng.
FElect. Eng.
Frgonomlices
Industrial Eng.
Mathematics
Mech. Eng.
Physics
Tibrary Studies
Design (Eng.)

-

- . @
J Er 0o W oo [o )Y@}
1 HG38BUIEZ28S

O0OOHOOOOF O

|
|
0.79 |
|
|

o

It will be seen that in general thé comparison is quite good and for this
reason it is suggested that in the absence of more accurate data the values from
the‘analysis can be used as a guide. -

l//




- CHAPTER 4. COMPARATIVE DATA ANALYSIS
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“. A Brief 15-University Sa@g;e,Approximate Data Comparison
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Part I. 2.1. Departmental Subject Data

2.1.1. General
' 2.1.2. Initial Survey by Subject Classificatiqn

, . 2.1.3. Subject Classification with Geographical
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Classifications:
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\ - 3

2.5. Area

2.3.1. Land and Gross Building Areas
2.3.2. Net Floor Unit ‘Areas

2.4. Finance ,

2.4.1. Recurrent Expendi ture
2.4.2. Capital Exbenditure

. /
2.4.3. Conversion Exchange Rates and Approximate
Cost Ir dices
1.
3. Further Data Obsérvations on a Larger International Survey
: s _ :

3.1. OverallAUniversity Data

\

3.2, Faculty Data

3. } Evaluation of some Parameters of Departmental
b Model -

Appendix A3. Aggregated Departmental Data
) for all Sample Universities
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1. Introducti:\

\

The general purpose of the international comparisons of this chapter is to
preSent the trends derived from the l5-university sample and 80-university inter-
national survey data. These provide a basis for the formulations of the overall
university data-based, and the more conceptualized departmental methodologles of
Chapters 2 and 3 respectively. At the same time some data interpretations fiot
of immediate application to the models, but pertinent to the general study of
university management, are included

The objectives of the data analysis may be set out as:

(1) to provide a "first look" at comparisons hetween universities and
geographical regions at the overall university and departmental (subject
classification) levels This is especially true of section 2 below.

(11) to identity important parameters and variables with a major influence
‘on resource requirements. :

(iii) to provide background and data analysis for the simple more-conceptual
‘model developed in Chapter 3. .

Most of these objectives bear directly on the development of the overall
simplified university model (Chapter 2) and the more conceptualized departmental
model (Chapter 3). Where relevant reference is made to the specific sections

of these models. o ‘ ’ . :

This chapter is divided into three major sections. The first, section.2,
deals mainly with the derived values of parameters for the overall model of
Chapter 2. This 1s based largely on the l5-university selected sample.
Simultaneously certain comparisons and interpretations of data, not immediately
applicable to the overall model, but of general interest, are incorporated.

Section 3.2. concentrates on the 86~university survey. It does not
repeat the data constants set out in section 4 of Chapter 2, but provides further
information,aparticularly related to departmental staffing, not available elsewhere.

In section 3.3., the evaluation of specific parameters of the departmental
" model of Chapter 3 1is detailed

2. A Brief 15-Unlversity Sample Approximate‘Data Comparison

As detailed 1in the introduction to this chapter, this sample analysis was
carried out with a view to identifying important parameters, to provide background
information, and to develop a simple methodology for data reduction for a more
comprehensive analysis.

The analysis is divided into two parts:
(1) data arising from the departmental level,

(11) data concerned with the university as a whole. These correspond’
with sections 2 and 3 respectively of the model developed in Chapter 2.
_Where the data analysis provides insights for the model or values for
" parameters, the appropriate section of the model is noted.

The small survey data is grouped into three geograpii.cal reglons: North
America (N.A.), United Kingdom (U.K.) and Europe (EUR). Even with this very
broad classification, the samples are small, and the raw data contains a number of

obvious inconsistenciles.
¢ 92 94
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As far as possible the data has been revised, where avallable evidence
permits, and various ratio parameters and percentages are frequently used to avoid
scale effects and variable cost indices across countries. In addition, in order to
provide .an approximate basis for comparison, (especially on growth and cost) a simple
cost index rating (Part II, section 2.4.3.) was developed from the overall university
data and applied where apprapriate. Where this has been employed the data is
referred to as "standardized". ' '

It is emphasized that the information ccntained in this note should be C
treated with considerable caution and not used for qualitative studies. The
enlarged 80-university survey,- some data from which is presented in Chapter 2,
section 4, and in section 3 of the present tchapter, is potentially useful for _
such studies. Nevertheless the information contained here can be of considerable

. usefulness in providing initial approximate forecasts since data of the type and
" scope presented is not readily available elsewhere

Part I. 2.1. Departmental Subject Data (see section 2 of Chapter 2)

2.1.1. General

A cohisiderable volume of raw data, related to staff and student numbers,
staff teaching hours and recurrent expenditures was gained from the survey. 1In
order to present a reasonable overall picture it was decided to concentrate on
‘nine selected items of data and analyse eight parameter ratios determined from
this selected data. The data and parameters concerned are summarized in Table
25 in the notation used throughout the overall model of Chapter 2, and the
following work . All departments were also classified into subject areas as
1listed in Table 26. .

2.1.2. Initial Survey by Sdbject Classification

The values of A, B, C, eta were calculated for each university and averaged
for each subject classification (i.e. aggregate averages at university level).
This provided an opportunity of testing the reliability of the raw data at
departmental level in relation to the overall uniyersity and to modify or omit
obvious errors. The overall data of Table 27 was thus compiled. At this stage
regional variation was introduced and the raw data converted to a better degree

_of consistency based on all the information available.

2.1.3. Subject Classification with Geographical Grouping

The full results of the above procedure are given in Appendix 1, for the
basic data (1), (i1) (iii) ete. by subject classification and university, the
actual values being the sum-of all departments in a specific catagory and university.
Into this data tables 28, 29 and 30 have been compiled. Table 28-1is repeated in
table 1 of section k, Chapter 2 substitution of parameter values in the model.

Because of the small sample, some groupings cannoi be regarded as representa-
tive. The most reliable data is in Social Sciences, Education, Humanities,
Technology and Pure Sciences for regional and- general comparison. For individual
geographical groupings Law (in Europe), Fine Arts (in North America) and Medical
Sciences (in Europe) are the most significant although the samples are small and
Medical is largely confined to dentistry, pharmacy etc., rather than medicine as
such. - .

The followlhg observations are based on the information contained in tables
27, and 28 - 30." A
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Table 26. Subject Field Department Classification

i

.-

TECHNOLOGY

HUMANITIES

- Applied Sciences
Construction &
Civil Engineering
Geodesy ‘
etallurgy

ning

rveying

echnology"

extile Englneering
lectrical Engineering
echanical Engineering

emical Engineering

Archeology _—
History .
Languages

Library Science
Literature
Philosophy
Psychology
Theology

Classification 7
FINE ARTS

lassification 4
DICAL SCIENCES
. | '

natomy
ntistry
edicine
dwifery
rsing
tometry
teopathy
Pharmacy
hysiotherapy
Public Health
urgery

Drawing-

Music

Painting

Sculpture

Speech and .
dramatic art

Classification 8
EDUCATION

Education
Pedagogy

Physical Education

Classification 1 Classification 5 Classification 9
PURE SCIENCES AGRICULTURE LAW ‘
Astronomy Agricultural Classification 10
Bacteriology . biological '
Biochemistry Sciences SOCIAL SCIENCES
Biology Agricultural - Ban]
[Bo tany economics Commi?ge
Chemistry Agricultural Diplomac
Entomology - physical “piomacy
- Economics
Geology Sciences | Ethnolo
Geophysics .Animal husbandry. Geogra gy
thematics Crop husbanmdry - HderEgoxomics
eteorology . Dairy farming )
International
neralogy Fisheries Relations
hysics. Food Technology e ,
Journalism
oology Forestry - Political Science | '
Horticulture Publicc ence |
tlassif;cation 2 Vézzgigiiz Administration
RCH1TECTURE Social Welfare
) : ) Sociology
Classification 3 Classification 6 Statistics
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-Pure Sciences: Supporting staffs are relatively large for all regions with
N.A. somewhat less so. In general they are about 40% of the total departmental
staff. The teaching hours/staff are reascnably uniform at about 8.6 and some 75%
are first degree students (with N.A. appreciably lower). The student(staff ratio
is fairly variable (high in Europe and low in N.A.). The remuneration to :
recurrent expenditure ratio 'is reasonably uniform across the regions at about
80%. . The cost per staff figures suggest that N.A. is somewhat High (probably due
“to high post-graduate loading) and Europe somewhat low (probably due to somewhat
lower salaries.of auxiliary staff).

Architecture- A poor sample Support staff about half that for pure
science (i.e. some 20%) but apart}from this falls into a similar classification
to Tbchnology and Pure Sciences.

Technology: Not a very large sample. Requires the most support staff
of any classification at about 45%. In other respects it is similar to pure
science with slightlx higher staff loadings and student/staff ratios.

Medical Sciences: A poor sample and mainly relative to supporting
subjects to medicine rather than medicine itself.  General trends suggest high
supporting staffs (similar to Pure Sciences) low teaching loadings for academic
staff (2 - b hours/week) and relatively modest costs (but clearly does not include
hospitals) although N.A. is markedly above U.K. and Europe. in this respect. The
proportion of post graduate work is high - about 45% to 50% - and this is particularly
so in Europe. - The high student/staff ratios suggest considerable teaching support
from outside sources. -

rAgriculture Only one sample from the N.A. region. The flgures suggest
that 1t might be classified under Technology but the matter needs further investi-
gation.
.~  Humanities: Is fairly consistent across the three regions. About 20%
'support staff and some 10 hours/week academic staff teaching load with similar
student/staff ratios. The higher degree proportion is reasonably large being
between 30% - 40%. Recurrent expenditure other than salaries is small at about
8% of the total recurrent expenditure.

Fine Arts: Again a small sample. Generally requires a fairly large
supporting staff (about 35%)mEUt with high academic teaching loads of some 13 hours/
week., Higher degree population is similar to Pure Science and recurrent expenditure
other than salaries is small’ (about 14%), but larger than for Humanities.

Education: The support staff across reglons is fairly‘uniform at about
25% - 30%.  Staff loading varies very widely as does student/staff ratio and the
proportion of higher degree work. This latter is probably the key to the varia-
tions (as costs also vary considerably)

Law: Information here 1s predominantly European although the single N.A.
example follows similar trends. Apart from higher support staff the results are
somewhat similar to those for Humanities. The higher student/staff ratios
probably reflect a high degree of outside academic support plus appreciable
: servicing from other classifications. In general academic staff remuneration is
high. ‘

Social Sciences: Although not numerically the largest group this classifi-
" cation provided the best overall sample. There is a high. degree of uniformity
across regions with support staff at- about 20% - 25% of total staff, academic staff
loading at about 9 hours/week and some 25% higher degree proportion.
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= Recurrent expenditure other than remuneration is about 17% of the total.
Student/staff ratio provides the greatest regional variation (being high in Europe
and low in U.K.) and looking at these in conjunction with the academic loadings,
suggests that the majJor difference may Iie in the amount of individual work (private
study) the student is expected to do and -the importance attached to small group ‘
teaching. ' /

Overall Observations: These provide overall comparisons between regions
for the aggregated classifications and in general show remarkably similar results.
The values, with variational percentages in brackéts, are given below:

Support Staff: 32% [+ 5%:]of total departmental staff.

- 3% ,
Academic Loading: 9 hours/week | + 6% o / -
- 3%
Higher Degree Work: 38% |+ 5% |of total
;‘ [ . - h% ‘: _
‘Student/Staff Ratio: 11.0]+ 23%
- - - 28% ‘
Total Recurrent/Total Staff: £2830 (equivalént standardized) +19% |
;) ‘~,‘\ S . . - 15%‘ .
"Other" Recurrent/Total Recurrent: 16% |+ 4%
v
Academic Salaries: £2860 (equivalent standardized) [+ 21%]
; i - 17%

. Thus the major departures are in student/staff ratibs where Burope is
-high and U.K. low and in recurrent costs per staff and academic salaries both of
which mainly reflect large salary variations with N.A. high and Europe low.

; Finally it should be observed here that data similar to that in ﬁaﬁles 28 - 30
and Appendix A3 could be used to investigate at the disaggregated level some of the
factors considered in Part II for the overall university.

; 2.1.4. An Approximate Cost Ranking of Subject Classifications /

\,
\

Although the "coat" of various subjJects must be adhgtter for more detailed
conceptual and data analyses based on the comprehensive quéstionnaire it is possible
‘to use the results in the previous sections to give an approximate guide as to thé-._
cost rankings of the various subject classifications by regional groupings.

The method adopted here was to use merit ranking numbers for each of the
parameters A, B, C, etc., in order of costliness and to sum these to provide
overall rankings. Some considerable thought was given to the individual
importance of each parameter and guide table 31 was then constructed. Factors
are welghted equally for the ranKTng exercise.

| .. . i
Table 32 presents the results of table 28 on a geographical region basis
for each subject classification (and incidentally, follows comparisons within
regions). . Summing the rankings for each parameter (together with those of
table 29) gives the following overall rankings: '
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e
i - Ranking/in order of increasing costs: d
: ¢ 6 n\’\"‘"‘r.ﬁ 2 6 Humanities
5 8 - . 36 9 Law L
10 6 | -8 2 Architecture . '\.
8 7 9 1 Pure Science
1 10 1 7 Fine Arts
R Rt T 10 Social Sciences
5 Lk ‘ 8 Education
3 (10 L Medical Sciences //
1 = ; 3 3 Technology ]
2 \ 5 Agriculture /

‘ ' The nhmbers represent subject classification and can be identified from the
right-hand coiumn \ ;
[P
It/is emphasized that -the above is a very rough guide but does elicit some
interesting factors. Of the principal subject classifications Humanities is
relatively least costly with Education near to this but quite costly in the U.K.
(probably associated with high post—grwduate content). Pure Science is relatively
‘costly in U.K. and N.A. but less so in Europe, Technology is less costly than
Pure Science in the U.K. (a surprising and probably erroneous result) but is about
as costly as Pure Science in N.A. and is the highest cost in Europe. Social
Sciences’are of average cost generally but high in Europe. o

‘Of the remaining significant classifications Law is relatively of low cost,
. Mne Arts falls betweén the costs of Humanities and Social Sciences and’ Medicine,
although not very. representative, s generally costly
. .
Architecture and Agriculture are of’little significance in these rankings
because of the very ‘small samples involved.
i .

Part II. Overall University Data

2.2. Pbpulation

- 2.2.1. Salary Ratings for all Staff Catagories (relevant to section
3.2. of model of Chapter 2).

No cost index is incorporated in table 33. However the final column in .
each. oategory is independent of s. There is an appreciable agreement in the
average figures for the U.K. and Europe although the latter includes two largish
"variations (one is a specialized /and somewhat costly institute and the other is an

: Eaatern European university with/a low cost index and these tend to balance one
o ancther). The North American (N.A.) values vary appreciably (a small sample
anyway) but the averagesz are appreciably higher reflecting the higher cost index.
_ Also apparent for N.A. is the narrower spread of salary range between all kinds. of
- nqp,academic staff levels (this also applies to the East European university).
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The following presents a brief summary of the main features of the table by
category although it should be observed that the definition of staff levels vary
considerably between, and even within, countries and a study in depth of this would

produce more consistent data

Academic Staff: Close agreement between UiK and Burope with professorial
salaries some 70% greater than overall academic average The N.A. region pro-
fessorial salaries are some iOO% greater (and contrasts sharply with the narrower
salary spread for other categories).

Administrative Staff: The average administrative salaxigs are about half
the average academic salaries in U.K. and Europe although there is a greater spread
in level in the U.K. The administrative salaries in N.A. are cumparable with the
academic salaries although slightly lower (about 5% - 10%).

Iibrary Staff. .Average "library staff salaries are about the same as average
administrative salaries in the U.K. and Europe but some 20% lower in N.A. However -
the library situation'depends on the importance placed on library provision,
consequent facilities, responsibilities and size, and these need to be studied in
devail. ,

Tbchnical and Other Staff: This shows the greatest variation between
regions but is reasonably consistent within them. It is clearly a function of the
type of university (technological, general, specialized, etc.) and must normally
be viewed in relation to this function (this is apparent from the departmental
analysia in Part I). There is also a need to distinguish between technical staff .
and othérs since their respective functions are quite different especially on the
science} technology and medical sides (where specialized support staff tend to be.
a high proportion of total staff). The results shown, however, suggest that
average salaries for technical and other staff in N.A. and Europe are about the

" $ame BS those for the average library staff with the U.K. some 13% lower than this.
In all cases the comparative top salary level is lower than for the other staff
categories and there is less overall spread.

Tbtal Empgoyees The average salary quoted. is clearly some reflection of
-the cost index of the various countries and, in particular, of the-gpecific
institutions (the latter on the theory- that 'ecostliness' 1s often reflected
through salary levels). The ratings in the three regions vary fairly markedly -
the average total employee salaries being about 60%, 100% and 80% of the average
academic staff salaries in the. U.K., N.A. and Europe respectively ‘This appears
to stem largely from the relatively high proportion of Technical and other staff .in
the U K., of administrative staff in N.A. and of academic staff in Europe (see
distribution of staff) .

2.2.2. Some Staff Ratios and Staff Distribution Grelevant for
section 3.1. of model Chapter 2).

&

\

i . 7
From table 3k, the following observations are pertinentig E

Staff ratios: These refer to administrative and library only (academic is
" dealt with-under student/staff ratio and "Technical and Others$" combined-has more

significance at departmental level). The library student/staff ratio is some
measure of the service provided since student population is e most significant
specific group involved. The values vary widely between and within regions
reflecting the varying degrees of importance with which library facilitlies are
regarded. High values imply inadequate facilities and here Europé comes off
worst (although probably exaggerated by two very high values) with a ratio of
abput 150. The U.K. is about half this and N.A. Just over one third. However
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a glance at the column does suggest that a ratio of about 75 is a reasonable
currently acceptable level. The administrative staff/academic staff ratio is
some measure of the administrative back-up support to academic staff and again is
quite variable. The figures indicate that this back-up is least in. Europe (about
25%) is very high in N.A. (about 170%) with U.K. falling in between (about 6C§). |
This follows the same pattern as for salaries except that the differences are more
marked on a personnel number basis.

‘Table 34. Ratios of Staff Numbers, by Type of Staff
1 '_Ddstributién of -
Staff Ratlos . Staff % Numbers
' | Tot. Stud.|  Admin. o = Tech.
Region | Univ. | 7337 Acad. Acad. Admin. Iib. and
Staff Staff . Other
(mp) (m) ‘ (m o
UK. 1 s .| 0.28 w3 | 1k 8 35
2 86.0 0.55 39 | 21 4 36
\ ) 83.5 s 0.95 30 28 b 28
N Av. 1.3 0.59 37 21 5 37
] % | me 1 - S R R
oo s UL 873 2.47 20 < 50 ° 3, 27
6 41.3 "1.00 31 -3 2 36 .
i av. | 52.8- 1.7k 25 ko 3 32
EUB" 7 aj#}.ﬁ . 0.17 68 12 L A 16
8 | 109.2 0.21 50 . 10 7 33
9. | .:68.9 0.35 50 18 5 27
10 61.2 0.31 50 .16 6 28
1 83.8 0.38 49 19 L4 28
12* |  98.8& - 0.49 53 .- | "“26° | ‘15 6
13 - 318.7 0.12 33 b 1 62
1k © 1k0:9 0.23 69 - 16 3 12
15 13327 0.23 . 52 12 5 31
Av. *'.151.0 .. 0.28 52 15 6 27
Overall Av. 115.5. | 0.55 46 20 5 29
ﬁv.’bf Avs.. : 91.7 _ 0.87 387 25 |5 32

[

) Distribution of Staff:. The last four columns of table 34 present this as
percentages of the total for academic; administrative, library and "technicians
and other" staffs. Library staff is about 5% generally and the lower figure for
N.A. could well représent an economy of scale since the absolute staff numbers are
relatively high. The :Technician and Other Staff shows a relatively modest
variation in terms ofspercentage of the total staff (374 in the U.K. to 27% in
Europe) but expressed as a proportion of academic staff it represents avout 1 per
academic staff member, .1.25 per academic and 0.5 per academic for U.K., N.A. and
Europe respectively The greatest variations however occur between academic
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and, administrative staff percentages. Combined they represent 60% - 65% of the-
total staff for all regions but individually they are 37%, 25% and 52% for academic
staff and 21%, 40% and 15% for administrative staff respectively for U.K., N.A. and
Europe. The major difference in staff distributions between regions seems to be
the degree of administrative support.

2.2.3. Student Population and Weighting

Table 35 is deduced from the overall raw data which in some instances departs
considerably from the incrementally summed departmental data and must therefore be
viewed with some suspicion from the outset. However it can provide ‘an approximate
picture relevant to .the basis of the general model, outlined in'section 3, of
Chapter 2.~ = = ' : '

Studeng/Staff\hnd Student Level Ratios: The student/staff ratios (s ) vary
- considerably across and within regions with the average values being about u9,'8.5
and 11 respectively for the U.K., N.A. and Burope. It is perhaps unfortunate that
this ratio often assumes exaggerated importance as & measure of university.
efficiency whereas ysis shows it to be a complex function of meny university
data variables. However as .a refinement, it is often associated with the level
 of higher degree to first degree work and for this reason the second column in .
table 11 presents this ratio. Before relating this to student/staff ratio 1t is
worth noting that the overall figures give approximate higher/first degree ratios -
of about 22%, 55% and 48% respectively for the U.K., N.A. and Burope. “The level
of "effective post-graduate" work in Europe and N.A. is about twice that\in the
U.K. If it is assumed that higher degree work is more demanding (and also more
costly) on staff time then a high level of higher degree ‘work will imply a low -
student/staff ratio and vice-versa. In table 35 it will be seen that although in
a number of cases this implication is substantiated there are also sufficient cases

to the contrary to suggest the need for a much more elaborate analysis. Additionally . .-

in the case of Europe there is considerable doubt as to what constitutes first and
higher degree levels, a ("first degree") diploma often taking several years more to
complete in Burope than in the U.K. or 'N.A. All of this suggests that these two
ratios taken on their own are not a very reliable guide to overall university.
comparison. ° Neverth71ess it was considered worthwile to extend the analysis here
‘to determine whether "weighted" student/staff ratios showed a better correlation
and to gain some idea of the approximate relative welghting factors.. ' ~

Student Weighting: A simple analysis yields the following relationship:
a - -a.8.2'+‘)\w.-.....‘...'.-.............". ------ """‘."" (1) ’
e

= First degree student/staff ratio based on total staff.

x
o3
]
o]
@
<
—
!

®
N
1"

Higher degree student/staff r'atiQ\ based on total staff '

R
1

- Relative weighting of 1 higher degree.to 1 first degree student. T

\w = Weighted student/staff ratio based\on total staff.
Values of a. and a. are given in table 35. Clearly if A 'and « are >
. constant within reglons tgen plots of a, against a_ will be lineag and yleld walues
for these constants. This was done ané provided graphs containing conslderable
scatter although the trends suggested the negatlive slope of equation (). Mean
lines gave the very rough values for a and A presented on table 11 for the
various regions. Obviously the values for U.K. and N.i¢ can have no statistical
significance because of the small number of samples. The welghting factors vary
from .about 1.6 to k.3 for the regions but the overall value of approximately 2 is
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of the order expected. However the degree of scatter from these values 1ls clearly
demonstrated by the weighted student/staff ratios quoted in the last column of

- table 11 which are-calculated -for the regions from equation (1) using the average

. a value for each region. The conclusions of this section must be that such
simplified analyses should he treated with considerable caution at the overall

' university level. - .

..~ A similar approach at departmental level as in .section 2.1. of the general
model yields more useful results. However it might be more meaningful to use
staff teaching hour data in. association with the level of degree work, as in the
more complex methodology of Chapter Three's departmental approach

2.3a>Area

2.3.1. Land and Gross Building Areas
Area Ratios

Land and building area values are only given in broad terms from the
.questionnaire data. In terms of total land -area the results are likely to be-
influenced by location of the university (i.e. rural, urban etc. ) and general land
costs

The observations on the land area results in table 36 can at most show a

‘very rough guide as to what may be acceptable environmentally. - The employment of .
‘the term 'used land' refers to that area ocecupied by buildings, car parks and .

. recreational facilities (field) and therefore represents the minimum practical land
areas. Thus the ratio: of land used/total land area is some measure of the intensity
of land use (somewhat similar to building density). As expected, there are no

. wide differences between regions and the overall figure in column 1 of table 36
suggests that some 2% times the minimum practical area_ is about average to provide
for general environment. Car parking is, of course, an increasingly complex

. problem for universities and has often been neglected in the past eapecially for _

- students. The maJor problem is one ‘of effective land utilization and general cost
arising from the density of parking (i.e. multi-story, underground, open lateral)
It is not surprising therefore that the ratio.of car parking area to total land

.. area varies considerably. It averages at about S% but when, more meaningfully,

';related to used land (column 5), varies widely. .

" The distribution of building, recreational and car parking 1 is given as
a percentage ‘of 'used land' area in the last three golumns of table 36. Here,

- despite the small samples, there are fairly marked.reglonal ‘trends. The marked
importance the U.K. place on- recreational facilities -and +$he relativejunimportance
attached to car parking -is:clear. The latter is markedly high for N.A. which
clearly reflects privage 'vehicle ownership trends whilst Europe concentrates on its
buildings to the detri ent of its recreational facilities

Unit Gross Areas. : (For section 3 h .of the model of Chapter 2)

The main purpose of ‘these figures, shown in table 37, is to provide the
. opders of uhit area associated with the particular applications and, in the case
. of buildings, to explore briefly which univerSity group might give most conéistency
either within or between regions.

_ Land Unit Areas: The total and 'used' land areas are associated with student
population. The overall area/student is excessively influenced by a single N.A.
.university, but apart from this, the results appear to divide roughly into two 5
groups associated with high "and low density situations with orders of 55 and 250 m /

ERIC - oom |

wll Toxt Provided by ERIC




— 69€°

9L 82 9 SSy AV TTEIOAQ
Gl gl LY 16°9 o peE” Ay
= = —— = = ST
Gl 02 69 GL°€E 9ve* ,MF
st 0 9 sLtt 4 P |
L2 Ly 2€ G291 809 2L M
G 'L 88 gL*e 9g¢* - L4 ;
-— -— — ' - - O_‘ I4
- .| -— —~ - m
2l 9 28 Ly Geee 8
- - - - - L | ‘una
62 2t 6t gL°g LEY: AY
i1 gt G 0001 oLg® 5
Ly 92 L2 A 92°0 G00° G
- — — - — ¢ O.NNQ.Z‘

L 124 37 YAl L<z® Ay
6 0t ) yet 123% Y
- - - v °0 = [ :
G - g€ GL*0 gsL* 1 XN

(Mdq) . - | (FR) OIIVH THYS mumv 01TV

ONII¥yd ¥vo | NOTIVA¥OTM | -DNIQTINg | vE¥Y GNVI ‘ZOL | Vauy QN¥T *IOZ -

ANYT Qasn 40 NOITNEIHISIA aDVY DNINEVE 8V QNVT @asn | AINn | MoIbmy

9¢ FIAVL

!

~ ONVI «@3S0w 40 % SV SVAUV HV ¥VO ¥ NOIIVIHOFY *HNICTING

112

LO

-




: - *seade 3aed aeo
PUB TBUOTZBAJIOSI (SUTPTINg JO uns 8yl S9sTICAui00 BAIB PUBT POS[l »

9°LL €8 9*cz | gz 2°€L LE"¥ o€y 9L8 AV TTVHIAC
g €l 28’ beLl 651 £°¢. - GlLee €°€e 08 AY

- - - - - - - - Gl

€0l €5 6°2L | LL Ly vye 0°02 1g bl

- - - - - - - o= €L

L°€ 86 0°Y 8ot 0°g vLY €21 oz zL| "
2°62 LzL L°LE | 652 ‘g2 T 28l L€ il LL

8-zl 09 29l | ozl 9°¢ = = 19l oL
- - - - g - - vG 6

0°€l pLL L*vL | ofe 0°L 86" L 6°L1 €S 8
- - - - - - - - L | -ung
byl o€ 9°0z | L2t g'6L | . z2°6 FRIE- 9Ly | av|
Bt , Iz 6°g2 | 98 Ltz | - vi°e I°L% 99 9

8°8 2§ 2°zl | 9t 6°LL 0€°6L i 0°sh G2€g G |
£oc€ 6EL 62t | ozt y*62 62°¢€ LU€g 962 AY

GGy gl 2°09 | 229 -Gt Go°L 7°66 R T
- - - - 6°2 6L°0 - 96 B2 I
Lh2 €6 ¢réz | Lz | 28 €92 8°95 . bey L i

,, (¥R Vg —~ .

SINZQALS (38n) Am¢=.np.pmpvﬁmm=v ( N& R , oo
Qv . 4dVLS SINSAnIS 0q.dly at.,
TdVIS TVIOL | &4¥IS TVIOL | INFanIS| aQvOv | INZANIS |  aN¥ (- ) (M) .
udd uid © ¥gd| w4g | ¥dd | 4AVIS'IOT INZANTLS INZGATS NOI
~ YEdY NOI | ‘¥dd vg¥y |  ¥d vHdy | udd VvEEV | AINQ | ~Day
¢ SYddv ONIQIING LINA ~IVHEOHY | MMVJI-HYD | o@NVI TSN | QNYT TVIOL |

LE g719VvL

ONITTING ANV ANYT O

DNIIVIZH SVAHV SSOED LINN

113

11y




\

student respeotively. The 'used' land unii areas arj\relatively more consistent
and suggest an overall figure of about 4O m“/student (a\little less than the N.A.
figurs) with the U.K. being about twice this and Europe \about half. Car park
unit areas are associated with the overall university population (staff and
students) and again show wide variation with the same regicnal emphasis referred to
above. ' - : :

Table 38. Building Floor Area Ratios.

Tot. Build.| Tot. Build. | Tot. Build. | "Other" Floor
- Floor Area . Floor Area Floor Area | Area Per Tot.
| Tot. Build. | - Per Univ. Per Tot. Staff Member
egion Univ. Land Area Member Staff
; = A Appg +P A Po/my * tro
Btk Ny T /Ny, 2
, BB 2 2 m~/pers.
; m-/pers. . m~/pers.
u.x. 1 0.842 16.84 78.15 47.16°
§ 2 - 13.09 54.85 22.74
' 3 0.252 11.48 46.77 25.71
 kv. 547 13.80 59.92 31.87
N.A. 4 - - - -
5 1.785 1§.77‘ 56.50 k2. 48’
6 2.522 | ;lt.as 66.85 43.69
Av. 2.154 rf£;\36 61.68 43.09
H N «\‘ - .
EUR.‘ 7 ) - - - - .
8 -1.500 19.59 171.11 113.47
9 - - . -
10 1.550° 19.76. . 93.10 " 46.18
~ 11 " 0.483 1%.10 6l.41 -
12 1.821 6.76 104.69 2717
13 - 2/18» 27.02 2.58
L1k 2.976 3/ .72 117.13 59.09
15 - [ T -
Av. 1.666 [&§L§5 95.7k 49.70
Overall Av. 1.526 16.93 79.78 ¢ 43.03




| The overall value is about 4.l m>/member with N.A. over twice this figure.
However the more important consideration is the degree of availability of car
parking spaces. A measure of this can be determined from assumed values of 5
teffective' area per car parking plage - this will -usually vary from about 12 m~/
place in the U.K. and Europe to 15 m /place in N.A. and using these values imply
about 1 place for 4 university members in the U.K. and Europe and 1 plage for
(less than) 2 members in N.A.  Recreation unit preas are about 20-25 m /student in
the U.X. and N.A. whereas they are only some 3 m“/student in Europe which is
almost certainly inadequate. Most of this refers to field area and there 1is
much that can be done with the use of intensive "dri-play" areas and the like.

% Building Unit Are.s: The overall area of abouf 2k m2/student compares quite
-favourably with the known average value of about 20 m“/student for all universities
in the U.K. However a mean deviation calculation suggests that for parametric
variation purposes the best university group basis is either total or academic
staff which perhaps more accurately describes the full functions of the buildings.

2.3.2. Net Floor Unit Areas (see related to section 3.3., Chapter 2).
| o - .

The raw data for table 39 was sparse and any deductions must be extremely
_tentative. In general laboratory area per student shows little regional variation
(with the exception of one N.A. university which is specialized and highly research
oriented) and fairly uniform values with an average of about 5 m~/student.
Obviously the individual values will depend on the amount of science and technology
work undertaken and a further analysis at faculty level should elicit more reliable
information. . All teaching room space per student again shows comparatively
reasonable uniformity with Europe having ratheE more space than N.A. and U.K. (in
that order). The average value is nearly 3 m /student. ILibrary area per

student is similar teaching room space per student for the U.K. and N.A. (and

1s about 1.5 - 2.0 m~/student) but is substantially less for Europe (about half).
.Academic staff office space is fairly uniform across regions and is some 20 m“/
academic staff on average. Administrative staff office spacexis rather less than
academic staff space in U.K. and N.A. but appreciably more in Europe. Obviously
this latter depends on the definition.of office space (e.g. whether it includes
machinery). The whole problem of office accomodation would benefit from a

deeper analysis at faculty level since aithough it has relatively small effects

on overall university costs it is a vital matter concerning staff morale.

Building Density: . The values of building density are quoted in column 1
table 30. Since floor areas are net and land areas are gross it is possible to
obtain a value of d, less than un%;y (which would otherwise denote all ground-level
buildings only). @here is no particular reason why there should be regional
differences and the samples are too small to provide these anyway. However the
_total sample appears to fall 1nto;three separate density groupings so that for an
" approximation it can be deduced that: ‘ v : v

-

d. = 0.526 for a low average building density !

B
- ’dB - 1.664 for a medium average building ‘density
“dg ‘e 2.7&9.for a high average building density

and these values can be used to indicate the order of building density for any
corresponding values of° building floor areaa(AB) and land area (BB).

 These values are those utilized in equation (41) of section 3.k. of the
simplified overall model. » : \ : :
» 121
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2.4, Finance

2.4.1. Recurrent Expenditure (Related to section 3.2. of the overall

model ). . ’

Information on recurrent expenditure was relgtively sparse especilally in
the distribution of recurrent expenditure excluding remuneration.

v

The ratio of total staff remuneration to total recurrent expenditure is
remarkably consistent both within and across reglons and is of the order of 60% =
65%. Since the differsice petheen the two quantities represents the recurrent
expenditure on non-selary items it is then evident that the expenditure excluding
salaries is about one-third of the total annual recurrent expenditure (1.e. about
half the total salary bill). \ - | S

. v , ‘ t
 Within the category, recurrent expenditure excluding remuneration, the
results are very poor. _— : ) a

_ On the administration and "other" percentages it would be unwise to draw

" even tentative conclusions other than between them they account for about 95% of
the total. The library percentage is fairly consistent at 5% overall with the

N.A. values showing a possible economy in scale. T

2.4.2. Capital Expenditure (Helevant to section 3.5. of the model
in Chapter 2). ' . :

.. 4 ) . . / ) . . .

W rable 41 sets out the annual average capital expenditures of the 15-

universities, classified by purpose of expenditure. ' 5

Distribution of Total Averaged Annual Capital Expenditure: ' Capital '
expenditure does not necessarily have any determinable relationship to recurrent
expenditure. Furthermore capital expenditure can vary enormously from year to
year according to growth, economic climate, research, ete. Thus any analysis in
depth should be' time-dependent. - It also follows that to explore the effects of
eapital on reeurrent cost then time dependent data on recurrent costs is also
‘needed, but this is not available from the survey. ’ ~

-

v Building zapital expenditure for all regions, is quite high, indicating a
fairly high university growth rate during the period 1965-69.. The average pro-
portion for building of total capital expenditure is nearly 70%. Thus remaining
capital for other purposes is about 30%'overall but this almost certainly includes
some. capital resulting from the building programme.” Thus a major problem arises
in distinguishing capital expenditure for and arising from, bulldings and necessary

or "true" capital expenditure associated with the university in its steady state.
This problem is clearly demonstrated in the figures for administration and library
"in table 42'which in the case of‘the former is almost certainly also influenced by
the inclusiof of maintenance, minor extensions and alterations, etc. It is
therefore ndty possible to draw even rough meaningful cpﬁclusions from the
Administration and ILibrary capital data although it appears that the "true™ capital
-costs are in the region of 4% or less of the total capital expenditure.

Relationship of Building Capital ta University Growth: The following simple
analysis is the basis of the growth factor utilized in section 3.5. of the simple
model of Chapter 2. : . . .

. Growth is usually presented as an annual perceritage rate based on student
number increase hence: . :

12{}
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‘Table k2.

re =
whe }su

A

A

overall student/staff ratio fJE\the university. -

" Ratio Distribution of Average Annual Capital Expenditures '/
, Factor of Total Annual Average Capital Expenditure | .
Region Undv. ﬁuilding Other Admin. Library
U.K.- 1 .82 .18 .Ok7 14 f
2 .64 .36 .104 .016 i
3 .58 L2 .007 . 085
Av. .68 32 053, o2
“IN.A. 4 .98 .02 .002 .261
5 77 .23 .024 .318
6 . .61 .39 297 -
Av. .79 .21 .108 .290
EUR- 7 . - - - -
’ 8 .28 .72 .022 006
9 .66 34 .003 .002
10 .65 .35 .002 .000
11 .67 .33 L1022 .001
12 .95 .05 - -\
13 - - - -
g LN 51 b 7 317 .00L
- 15 s - - - ' .115
- Av. .62 .38 .089 021
Overall Av. 68" .32 1 o8k .08k
o //
Percentage growth g =~ su(S2 - Sl) 100 = 100 (82 - Sl)
Sy Sy ' S . L)

o
"

nuznber of staff at year 1

number of staff at year 2 \ ‘ :

the univérsity‘is reasonably well eatabliéhed then:

' Let total building capital value at year 1 = C; ‘ ‘ y
Capital value per staff member - C, j
Sl
|
let CBg = annual building capital from year 1 to year 2 (i.e. the "building"
: growth capital) f
Then CBg - El_;'(s2 - Sl) and uging equation (1).
‘ 3

. 120
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g
. 100 ------- Cecee s e s s sec gt et .-'----C--'QO- (2)
However C1 is not known from the data supplied but i1s a function .of building
area i.e.
C, ‘= k« A '
1 T T . ! ’ '
l R N I A EEREEEEEE] AR RN ( ))
Where Ap = total building area of the university relative to ST staff

k = cost per unit area (all building types).
Thus from equation (3) and (2) : .

C% = Ko T- &

.k will of course vary across countries according to a complex cost index
but assuming this index is approximately proportional to the average saldry of B
total staff in the various universities {and which also probably reflects their
nature and individual cost indices); then k can be determined as follows:

Let; Rs_ = total university annual remuneration for all staff in the country'
B own_currency .
NT: =.total uniVbrsity staff associated with R,
e =z currency rate of exchange index
-~ X ’; suffix relating to a specific counffy where r = 1.

Then: Average cost/staff = 1. RS in equivalent currency of country X.
NT L

[+

r . . °

and if the value for k for country X is known then:

k = R N k

s __ I ‘
e T L P P SO . (5)
which if L is known for country X then k can be calculated for any university-

from data given.

Also from (4) and (5): .

Bg L S '
’1‘,}::" .(. :\5 ‘k.- AT ATl v RS L k-NTJ X R e (6)

NOTE. A good value for k in the U.K. is £60 per m2 based on U.G.C. estimates for
1967/68 (a mean of the 5 year period 1965-69) i.e. :

'[ N Jeo C. = 1006 e N, |R |

g = 100 c . e NT RS
: T BB 0 NT x ----------- e . (7)




discontinuity involved and most rates are in the range 0% - 20%)

\ L )

This method is obviously very approximate and highly simplified but 1t
enables the avallable data 10 be used to estimate growth orders and comparative
values across countries. It is proposed to extend this type of analysis in later

‘work as it may provide a link between building and "true" capital and, possibly,
- with recurrent expenditure. The results of application of this analysis to the
- 15-universities. is presented in table 43,

1

-

The values for growth (g) in table 43 are clearly of the right order
(generally established universities avoid very high growth rates because of the

The average rate of about 18% is relatively high but iucludes some young

.and rapidly developing universities. A more realistic figure iur the well

established universities would appear to be about 9% annual growth (i.e. a
doubling of student population in about 9 years).

It should be noted that the analysis ignores lag effects and this suggests

‘that any extended analysis along these lines (especially where recurrent expendi-

ture capital related analysis is included) should be on a time-dependent basis.

Comggrative'ObServations;pn Capital and Recurrent Expenditure: ' Using the

‘above work on the growth of building capital (g), and standardized cost ‘data,

based ¢cn a cost index of a modified value of the building index k (see table 21),

" it is possible to reduce capital costs other than building to a 'basic' true
_cost. This is the element C8 introduced in equation (47) of Section 3. 5 , Chapter

2.

o It is assumed that the growth element in other than building capital can be
removed by using a simple growth factor correction as follows:

Cog - (1 - 8 - (8)

where C = total "other +han building" annual capital (average) expenditure.

The resulus of all these considerations together with raw data

"Rasic" average annual capital = Cy =

are given in table Ul below. Overall building to recurrent is about 30% for e

the five year period and "other" than building capital is about one-third of this.
It is intended only as a lead to a wider study of the problem in depth.

The standardized expenditure values cannot be compared directly because
of the varying size of the universities. However when plotted against student
academic staff and total staff numbers, these gave an approximation to linearity.
There were no obvious indications of economics of scale. The tétal recurrent
expenditure-plot against total staff was a good linear fit (passing through the

origin) and gave:a slope value of approximately £30"0 equivalent standardized with
" 1little regional variation. However since the cost index was based largely on

total staff remuneration whieh is itself a large. par” of the total recurrent
expenditure this result is not surprising. Tn all ¢»ses deviation was less with
the total staff and academic staff.plots than withﬂta» students (which is generally
true of most of the data analysed in .this ncte). Rz:urrent expenditures tended to
be better with total staff plots and capital expendii ves with academic staff.

'The "basic" or true capital average annual expenditure (i.e. with an epproximate

building element removed) clearly gave an impraved linearity but still some
isolated large scatter points. Apart from the!smallness of the sample plot this

latter could well be due to research finance complications relative to the staff

numbers provided in the raw data. Thus in any study in depth on finance both
building arid research costs must be included in detail
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Despite the scatter on. the “basic“ capital plot a very approximate figure of
£480 equivalent standardized per academic staff member was obtained. o

The figures in table hs demonstrate the variations due to building and, .
- possibly, research referred to previously. In general recurrent expenditure less
remuneration per total staff member is falrly constant across the regions being
about. £1140 per total staff overall. The greater consistency with total staff

. _rather than academic staff 1s also apparent. The capital expenditure values

demonstrate the greater consistency with academic staff but also emphasise the
caution that should be exercised in their interpretation. A study of the "basic"
capital cost columns shows that the value of £480 equivalent standardized per
academic staff member woll. give a rough guide in the absence of better data.

2.4.3. Conversion Exchange Rates and Approximate Cost _Indices.

¥
. The indices set out in table 46 have been used throughout the discussions
of expenditure above, and at the appropriate points in the preparation of the
parameter values of section 4 of Chapter 3.

Building costs have been based on an approximate cost index of equivalent
£ per square meter, deduced from average total staff salaries for the various
universities (which also reflect the individual n~ture and relative cost, within
a region, of these universities).

The cost indices are based on a more detailed review of average salaries of
_ the various university groups and cost data generally. Cost conversion factors
. combine these indices with the exchange rates for the country concerned to '
provide "standardized" data - referred to as £ equivalent "standardized" in the
text, for comparative purposes.
7/

It is emphasized that although exchange rates are official. valuea the other

© . indices are only approximate and should be used with caution.

3. Further Data Observations on a Larger International Survey

Two sets-ef-values of parameters, developed in the overall university model
of Chapter 2, have been incorporated in section 4 of that chapter. The above
observations based on the l5-university sample supplement the first set. In this
part further observations on the larger 80-university survey, which may not have
been required for immediate use in the model evaluation, are presented. The
majority.of these have particular relevance to the departmental academic, support,
and administrative staff formulations in "both" the overall model and the
- departmental model (Chapter 3).

~ Part 3.3. of this section provides an evaluation of some additional
. parameters utilized in the more conceptual departmental” model of Chapter }

In the 80-university survey the data reduction is divided into five

geographical groupings comprised as follows: 5
Group A . Gioup B Group C Group D * Group E '
North America United Kingdom . Scandinavia Predominantly EEC Other" BEuropean
" - United States England * - Denmark ' Germany : Spain
Canada Wales Norway Austria . Qreece
o - Ireland Sweden Belgium Portugal
: Finland France : ‘Turkey
Iceland Italy . Yugoslavia
o Netherlands -
136 Iuxembourg

» . Switzerland
‘ . 127 :




3.1. Overall University Data

[

The following observations are derived from table 47.

128-

Table 47. Overall University Data
. Area Group v
Item e - A].l. .
A B c . b E
v. No. of hcult:lnl? h 4.6 5.4 * 7.3 6.1 6.5
" Av. No. of Spec. - - i .
Insts. Centres 9.8. 7.0 3.4 15.2 53 6.2
Tnst. per Faculty - :
(Av.) 1.32 1.52 0.63 0.71  {0.87 *l0.92
v. No. Short Cours. 1 _
/year 63 46 Iy 15 L6 il
v. Length of Each : 5
: Short Cours. (days}9.l 6.6 6.2 9.9 7.9 7.9
Av. No. Students/ : - 1 -
Short Course 76 25 4s 4o 43 © {8
elative intensity
of effort index g , _
(1) 16.0. 25.7 17.5 - /5.5 k1.1 l23.6
E.F.T. Staff used < :
for Short Courses ‘ o
(Approx.) 4.2 11.0 5 1.1 8.9 6.1 )
Students in Resid.| '
() 27.3 . 36.8 141 18.2 |a1.9 BEYY:
Students in Resid.| . : * -
(4) 24.3 36.8 2.0 13.4 21.9 18.5
k E.F.T. part-time g
of total acad. : . :
staff ' 8.5 1.7 8.5 22.1 2l.8 13.0
K E.F.T. part-time )
of total acad. P
'utf (h) 5-3 1-7 8-5 13-3 9-1‘ ] /7/ 8-8
Servicing from one . ,
faculty i ancihsr P ,
(Av.) - 29 . 18 et 31 - 16 23
Servicing received ‘
by - : ;
Med. Se. App.Sc./Tech{Soc.3c./Ed./Law [Pure Sc.|Educat. |Az.4Forest. |Humanit.
Subj.Class.| 71~ |22 23 17 48 56 15
Students in Ind. | 1.7 lo6.0 S
(sandwich) (5) 2.1 7 - 0 - 19.0 7.3 v 5.5} 26
v. Hrs, visiting/
‘ year/student . 45 (a11)
Central Adm. (by 1= .
Staff) 54, 56 by 34 b2 by
brary: Total Vol- X
umes (Av.) 977000 * 166000 1088000 |759000 (310000 " |702000
'olumes/Acad . Staff 1154 535 1300 898 1576 1060
tal periodicals/ | - . : ’ :
. year 9976 2140 9752 | T430 | 2180 6890
eriodicn.la/Aoad . ) , ,
- Staff 13.6 7.2 13.2 9.k, 5.6 10.1
134




NOTES:

(1) This 1ndéx represents the relative intensity of effort on short courses and 1is
given by the average for all universities in each group of ZKNO. courses) X
(Av. length) X (Av. stu@ents/coursel7'§ (No. Acad. Staff) = (d/s). '

(2) An approximate estimate of the percentage of total staff resource taken up
by short course activity and given by: )

"4 - 0.175 . d . (1 + s) where (1 + s) = student lecture and seminar hours/
) s . g _week loading (graduate)

g = graduate average group (tutorial)
’ gize ;
" 3

See also (1) above.

(3) Allowance is made in these figures for sandwich type students who are out
: in industry and hence would not require residence.

(4) A number of universities gave no return but suggested that the activity
was nil. The second set of figures reflects this but it is probably
' pessimistic especially for part-time staff, :

(5) The alterpative‘(éﬁd greater) figures for B(i.e. the U.K.) are for formal
sandwich courses reflecting approximately 1 year out. of 47in industry.

A ' K o

Faculties and Institutes: -‘The trend is to a larger number of faculties in
North America and Europe, with Scandinavia and the .U.K. countries less. (Probably
a reflection of larger student populations the former). The relative number of
institutes to faculties is higher in N.A. and .K. than elsewhere.

Short Courses: The greatest intensity of effort in short courses is in "other"
European countries and U.K., with N.A. less so. - EEC Burope and Scandinavia represents
a relatively small effort. N.A. has large group sizes (about 75) whereas U.K.
has small anes (about 25) with. Europe generally in between (about 43).  Average
course length is between 1 and 2 weeks it being largest in N.A. (9 days), near
this in Burope (8 days) and least in U.K. (6 days). An approximate estimate of ‘)

' the percentage of total staff required for short course activity varieSfup‘to
about 10% with average about 6%. U.K. is highest at 11%.  "Other" Europe at 9%
and the remainder in the 1-5% region. This represents an average less than half °
. the equivalent staffing detained from graduate student teaching. The above

- applies to those universities doing short course work .

Student Residence: In general % age residence varies on average up to
40% between regions. U.K. and N.A. (30% - LO%) have more university organized -
residential accomodation than Europe, with Scandinavia quite small. Overall: the
provision is about 20%. :

part-time Staff: .This is difficult to assess since some universities
clearly did not give the effective full-time equivalent staff value and others
" did not indicate at all. Most universities make use of part-time staff, with
" greatest reliance on them being in the EEC and "Other" Buropean ..untries (10% -
20%), less in Scandinavia and North America (5% - 8%) and very little in the U.K.
(24). Individual variation of up to 40% occur, but overall F.T.E. part-time
staff averages 10% of total academic staff.

130
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Service-Teaching;@etween Faculties: Information was very poor on this and
often misinterpreted. Practically no university had estimated staff loading from
. service teaching. Generally the information provided represented service received

by students from staff of other faculties.  The latter approximated 23% overall,

but ignoring smaller values (which related to staff loading), all the group values
lay between 22 and 29% with an average of 26%. Very soanty evidence suggested

that staff loading for serving other faculties was about 6% - 10% of total’ academic
staff duties. The indications from subject classification show 15% - 23% servicing
received by the more formal and established faculties (Humanities, Pure Science,
Medicine,. etc.) whilst the value is about 50% for the more vocational disciplines
(Education, Agriculture/Fbrestry) :

S Sandwich Courses: Only universities in the U.K. ran full .ormal sandwich o
' programmes, 1n which the percentage of students in industry was 26% (i.e. one /

' year in four).\ For other less formal programmes the group average was about 6% - '
in industry, tﬁpugh rather greater in EEC Furope and "Other" Europe. Most .of
these progrdmmes\appear associated with Technology. Only five universities
provided a value for average hours spent visiting students in indusiry, but thesé
values did not vary excessively, and averaged 48 hours. per year per s udent based
on 4 visits per year to each student. This represents, very roughly about 0.1

. staff per sandwich student on academic teaching hours scales, or about 0.03 staff

" per sandwich student based on a 35 hour working week. ‘Thus full s wich courses

could imply up to 20% increase in staff. ' :

1

Central Administration' This was based on staff numbers and d fines the
percentage of staff émployed centrally, the remainder being distribut into
-faculties, departments etc.” Central administrative staff averages 5%% of total

~ administrative support in N.A. and U.K. universities, and about 40% for European
universities. The overall average of central/departmental or faculty administra-.
‘tive staff is Wh4%. There is considerable inter-regional variation.” In terms of
cost these proportions would be almost certainly higner as :higher: grades are often
recruited centrally

1
v

Library - Volumes and Periodicals:. There is considerable variation in
total volumes in libraries, from 166,000 in U.K. to 1,088,000 in Scandinavia.
However values. per academic staff member do not vary so wide]y. Overall the
latter is 1000 volumes/academic staff which could be regarded as the mininmum
desirable. = U.K. is about half this, although the sample is almost ent1rely
"new" universities. "Other" European and Scandinavian are 50% and 30% mo
respectively. N.A. and "EEC" countries approach the average. To some extent
these results reflect the methods of teaching adopted. There 1s again considerable
variation in the absolute totals of periodicals received annually, which vary from
2,000 in the U.K. and "Other" Buropean universities to 10,000 for N.A. and
_Scandinavian Again, the value of periodicals per anademic staff member is
more uniform, varying from 5.6 to 13.6, in similar rankings to the totals.
Clearly language and ccst are vital factors A rough desirable overall value‘
might be about 10 periodicals per staff ‘member, 1 e. about 100 volumes per
periodical. . Clearly a full analysis must 1nclude such "factors as research
subJect coverage and nature, special 1nst1tutes, akility and dependence on different
languages etc. It must also include uvime-~dependence as volume capacity is clearly
a function of time for collections’to grow to large size.

3.2. Faculty Data

The following\observations relate to tacle 48.

Student Teachﬂng Overall there 1s few first.degree. students providing
teaching support and where it is undertaken, it is usually limited to under 2 hours/
week. There 1s considerably more higher degree student (graduate) teaching, and

Q ¢

it 1se "




!

the teaching referred to here does not include full-time pald assistants working
" for degrees. North America allows more hours per week at 8.8 than other group

(but Canada generally limits this to well below 6). Tnis compares with 4.5 hours
per week in the U.X., and an overall average of 6.3 hours per week. N.A. and U.K.

utilize graduates more for .teaching support, particularly laboratory supervision,

than Europe. Where such support is effected, the number of graduates students

involved can be up to one-third of the total academic staff number. The percentage

of equivalent full-time teaching staff derived from this information suggests that J
-graduate student teaching is about- 15% for N.A. and U.K. and half this for Europe. ;'

Research Supervision: Only a limited number of results were available and the
tabulated figures include both faculty and departmental values (the latter being
derived for total data). The general range for almost all values was between 1.0
and 1.5 hours/week although medicine was quoted nearer to 4.0 and this biassed all
other subject classifications. Thus a good overall value excluding medicine is
about 1.2 hours/week.. A number of the values also indicated p:oJect type
' . supervision at first degree/diploma and higher levels (by programmes of study)
and from these it is suggested that 0.5 and 0.75 hours/week would be reasonable
approximatiqys in the absence of more dccurate data.

Table 48. Faculty Data - 80-University Survey /

RN

-~

Regional Group

Ttem N.A. | U.K. | Scandinavia| Predom. EEC| "Other"| p11

A B - C D Eurcpe
. E

leach. Hrs./Week (Grads).  |8.8 | 4.5 | 5.0 9.0 k.9 6.3

Teach. Grads/Acad. Staff 0.435]| 0.616 q.128 0.132 0.486 0.347

.T.E. Grad. Teachers of - - . . '

Acad. Staff * ' . ’ 15.6 | 14.3 | 4.3 9.4 18.3 12.9
Research Supervision Hrs./ I _

week/Stud . . 1.0 | 1.0 - 2.9 1.8 1.4
Research Supervision Hrs./ ! ‘ . '

Week/Stud. (Exclud. Medicine)} . . : ‘ 1.21

* This rs~sa§EEfS; an effeqtive staff loading of 13 hours/heek]for this type of work

3.3. Evaluation of Some Parameters for the Departmental Conceptﬁal Model

Section 2.2. of Chapter 3, develops equation (16) for academic staff
estimation in terms of the basic governing parameters. "These parameters will in
general vary with subject classification and geographical region. The data survey
of reference 1 provides data at subject departmental level from-which such parameters

~ can be evaluated by aggregation. Since the data is computerized it was programmed
tc determine the results given below. In order t eliminate data lnconsistencies
as far as possible a careful survey of the raw data was also effected. A study of
the detailed results suggested that the original 10 subject classifications chosen
could be reduced to the following 6 classifications:

1




‘Classification No. Broad Subject Area

Pure Science PR

Applied Seience, Technology, Agriculture
Medical Sciences_

Humanities and Arts

Education S

Sociial Sciencesvapditaw

TN W\ m -

/' (For individual subjects within this broad classification see Chapter k,
table 26). , : o | -

. The following values of 1, s and g were then estimated \for first‘degree/
diploma and higher/degree diploma using some 190 sets of departmental data (but
distributed principally in the areas of pure science, technology, humanities and
social sciences). : :

wE T m TR T TR AR T

Table 49. Values of Departmental Teaching ' .
Parameters, By Subject Area. '

Isubject First Higher
¢ [Classif. :
No . Lo| S12| &2 |15 | 55 5
1. 9.8 9.3 1.70{ 6.2 9.2 8.0
2. k.4 110.9 | 17.0 |11.2]10.3 | 9.0
3. ; k.4 f10.4 |17.0 | 9.7 | 10.5 {13.3
ly 10.6 | 5.3(16.0 | 8.0] L.7| 7.5
5. 1.2 4.9|13.0 | 7.8 L.6] 7.5
’ 5. 13.7 | 4.8 {17.5 {10.2| 5.0 {11.0
b} ” - v
: A11 l2.2| 8.1{16.5 { 9.1| 7.3]10.0

In order to calculate the required parameters 1t 18 necessary to have a
knowledge of h% and h, and this 1s not provided directly from the data of reference

1. However iT can bg derived from the data analysis parameters derived in section

2 above, together with an assumption relating h,
below: from section 2 (above):

and hs' This method is outlined

1

The o;erall'value of academic weekly loads for all level of teaching are
given by B where: ‘ : ' ¥

B = total staff teaching hours = ’I‘F + TH for a départment
* total academic staff —p . '
T ‘ A e 3.3.1.

where T = total average scheduled staff hours given for first degrees/diplomas
" (lecture + seminar). . X

i

Th = totdl“average scheduled staff hours giveﬁ for higher degrees/diplomas
(Lecture + seminar + research supervision)- )

This notation is the same as used in Appendix A2.5 of Chapter 3.

130
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. The problem is to dotormins values of staff loading for rirast degree/diploma
K /%eachins only since these are the values (h and h ) used in the academic staff
equations of section 2, Chapter 3. . :

Also from section 2.of this chapter:

c= T

3 | ,
TH+TF ..0.0....-.;..&...0..00 ooooo vt.cov;iiioiotto‘toot 30302-
Hence from 3.3.1. and 3.}.2.#3‘, ‘ N '
‘.”'r_F_l: BoCo s 3{- - B(l-C) 00..0...500000000000000.0 30).30
DA . . DA . ‘

leth = average (tutorial and lecture) first degree/diploma academic staff
o
loading (hours/week)

_ Then ho, = TF‘ f k} e TH
- Dy eeeeeaeeeaas PP 35, 1 9

using section 2, Chapter ).'
and substituting equatian 3.3.3.:
‘h = B/C - k}(C -1)/

- 1.5, from Appendix 1, Chapter 3,

using the value of k

2
ho - B(l-s -‘0.5 C) copoo-.coco...o.c:c ...... -coooc.ocooo.oo.c.coo.3o3o5;v
Leth, am.h
Then h =hl+'hs. Q1L+m h,
2
2
and h, = 2 . b . h = om . h o
l l+m o s ,l.+m - o .'.....'.....‘3.3.6' .

: Previous application-in the U.K. used a value ofmgz l.5 but this was
- generally considered too high by academic staff and a value of m=1.25 was -
agreed. Substituting this latter value in. equation 3 3.6. and using 3.3.5 givea'

I

h

1 0.890 B (1.5 - 0.5C)

h 1.25 hy - 1.111 B (1.5 - 0.5C) e eeraenesieeees s 33T,

s

Table 28 above provides computeriged values of B and C for all university
departments. The subJect classification values for h and h are presented in
table 50.




| g a.bove g:lves the sub‘/jpct classificatj.on parameters in the following table 51.

" variation. However as subject classification appeared to be more significa.nt,

Table 50. Values for Average Staff Tea.c‘ni#ng
' Loads per Week

Sdeect B . h hl : hs/
E‘?ssif" Bl | C 1% Hrs./Weel; /s.A{eek
! 8.08\* 0.684| 9.36| 8.33° 10.40 .
10.12/| 0,780 11.25| 10.00 12.50 | *
8.14| 0.762| 9.12| 8.12/ | 10.15 ‘
4 9.52| 0.772|10.60| 9.4 ' 11.80
10.10} 0.624 | 11.98 | 10.65 | 13.30
- 8.701 0.724 | "9.89| 8.80 11.00 |
kll  9;;6 0.728 | 10.40| 9.26 . | 11.58 f

Thus using these, v&lues of h, and h together with the values of s, 1 and

, i
Tabie 51. Subject Classification Parameter Values }:J

4

Subject | 1., |1 s s ‘u v h
Classif. 12/hy | 3k | T12/8, By 3/83 - by . T
No. ' - ' '
1 1.18 0.75 0.0525 . 1.0.1103 0.636 | 2.100 | 10.40
- 1.44 0.12 .| 0.0513 0.0915 - 0.778 | 1.780 | 12.50
3 1.78 | 1.19. |-0.0602 . 0.0778 ~ 0.660 | 1.292 | 10.15
b 1.13 | 0.85 0.0281 0.0530 0.752 | 1.887 | 11.80
5 0.96 0.73 0.0283 - 0.0461 0.760 | 1.629 | 13.30
6 1.56 1.16 0.0250 | 0.0413 0.74k | 1.652 | 11.00 -
A1l 1.32 { 0.98 Cc.0423 0.0630 0.747 | 1.491 | 11.58
where: u = 1 vh = 8
3/1, | 3/32
“ ) ' ’ : 8 '
) 1/g, . r . o
’Ihe above process can’ he repeated to investigate geographical regiona.l e

the exercise was limited to determining weighting factors for various geographical
reglons based on aggregated overall data. The resulting values ‘are quoted
directly in table 13 of Chapter 3. .
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